APPLICATION OF GROUND PENETRATING RADAR FOR USE IN THERMAL CONDUCTIVITY SITE INVESTIGATIONS by Rubin, Aaron J.
University of Massachusetts Amherst 
ScholarWorks@UMass Amherst 
Doctoral Dissertations Dissertations and Theses 
March 2019 
APPLICATION OF GROUND PENETRATING RADAR FOR USE IN 
THERMAL CONDUCTIVITY SITE INVESTIGATIONS 
Aaron J. Rubin 
Follow this and additional works at: https://scholarworks.umass.edu/dissertations_2 
 Part of the Geotechnical Engineering Commons 
Recommended Citation 
Rubin, Aaron J., "APPLICATION OF GROUND PENETRATING RADAR FOR USE IN THERMAL 
CONDUCTIVITY SITE INVESTIGATIONS" (2019). Doctoral Dissertations. 1470. 
https://scholarworks.umass.edu/dissertations_2/1470 
This Open Access Dissertation is brought to you for free and open access by the Dissertations and Theses at 
ScholarWorks@UMass Amherst. It has been accepted for inclusion in Doctoral Dissertations by an authorized 
administrator of ScholarWorks@UMass Amherst. For more information, please contact 
scholarworks@library.umass.edu. 
 
 
APPLICATION OF GROUND PENETRATING RADAR FOR USE IN  
THERMAL CONDUCTIVITY SITE INVESTIGATIONS 
 
A Dissertation Presented  
by 
AARON J. RUBIN 
 
 
 
 
Submitted to the Graduate School of the  
 
University of Massachusetts Amherst in partial fulfillment  
 
of the requirements for the degree of 
 
DOCTOR OF PHILOSOPHY 
 
 
February 2019 
 
 
Department of Civil and Environmental Engineering 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© Copyright by Aaron J. Rubin 2019  
 
All Rights Reserved 
  
 
 
APPLICATION OF GROUND PENETRATING RADAR FOR USE IN  
THERMAL CONDUCTIVITY SITE INVESTIGATIONS 
 
A Dissertation Presented  
 
by 
 
AARON J. RUBIN 
 
 
 
Approved as to style and content by: 
 
_________________________________ 
Carlton L. Ho, Chair 
 
_________________________________ 
Don J. DeGroot, Member 
 
_________________________________ 
David J. McLaughlin, Member  
  
     _________________________________ 
     Richard N. Palmer, Department Head  
     Civil and Environmental Engineering 
  
iv 
 
 
ACKNOWLEDGEMENTS 
I would like to thank my advisor Carl Ho for being patient and willing to let me explore 
high-risk-reward research and the guidance to achieve success.  To my committee 
members Don DeGroot and Dave McLaughlin, thank you for being outside the box 
sounding boards and models for excellence.   
I would also like to thank the University of Massachusetts Amherst Civil Engineering, 
Electrical Engineering, and Geoscience Departments for providing equipment and space 
critical to complete the research.  In particular, Jon Woodruff, Bill Clement, and 
Christine Hatch from the Geosciences department were gracious with their equipment 
and wonderful to work with.  In addition, I would like to thank the Commonwealth 
Honors College for funding my semesters at UMass and allowing me to interact with 
undergraduates on a daily basis.   
Finally, completing a dissertation is an arduous task, the support of my family and friends 
has augmented me to the task.  Thank you to my wife, Julia, my parents, Rich and Kathy, 
my sister, Liz, and my friends and fellow graduate students.  
v 
 
 
ABSTRACT 
APPLICATION OF GROUND PENETRATING RADAR FOR USE IN  
THERMAL CONDUCTIVITY SITE INVESTIGATIONS 
FEBRUARY 2019 
 
AARON J. RUBIN, B.S., TUFTS UNIVERSITY 
 
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
 
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
 
Directed by: Professor Carlton L. Ho 
 
Measurement of soil thermal conductivity in-situ is important for many practical 
geotechnical and civil engineering applications.  However, for a variety of reasons it can 
be difficult to measure in-situ.  A novel method to estimate the thermal conductivity of 
sands based on electrical relative permittivity (dielectric constant) measurements and 
GPR data is presented.  First, an analytical model to estimate thermal conductivity of 
soils was developed and validated using a database of thermal conductivity 
measurements.  The new thermal conductivity model was then compared to existing 
models using a larger database of new and pervious thermal conductivity measurements 
conducted on a wide range of soils.  Second, a new model to estimate relative 
permittivity of soil was developed and compared to existing empirical models based on a 
new database of relative permittivity measurements on soils.  The new model is based on 
particle level geometry with an empirical fit. Last, a method of estimating thermal 
conductivity from relative permittivity measurements was developed based on the 
previous two parts and was then extended to relative permittivity estimated from ground 
penetrating radar (GPR) data.  Thermal conductivity and relative permittivity 
measurements were conducted on prepared bench scale specimens of five soils of varying 
vi 
 
density and saturation.  In total, 124 specimens were prepared for thermal conductivity 
and relative permittivity measurements.  Thermal conductivity was measured using a 
thermal needle technique and relative permittivity was measured using a Dynamax TH2O 
probe. Based on the laboratory bench scale tests, a method of estimating thermal 
conductivity from the relative permittivity measurements was empirically developed.  
The method was then tested using GPR by preparing large box specimens and collecting 
data on sand specimens of known dimensions and physical properties (void ratio, 
saturation, dry density).  The effectiveness of estimating thermal conductivity from GPR 
measurements is presented. 
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CHAPTER 1 
INTRODUCTION 
Measurement of soil thermal conductivity in-situ is important for the design of many 
subsurface projects.  In particular, geothermal HVAC applications such as vertical closed 
loop wells, horizontal systems, and energy piles are a sustainable way of providing all or a 
portion of a building’s heating and cooling demand.  The primary design parameter for 
geothermal HVAC systems is thermal conductivity.  In addition to geothermal systems, 
thermal conductivity is an important design parameter for building insulation, ground 
freezing, buried hot oil or gas pipelines, and buried electric cables.   
Virtually all of the United States has potential for these types of ground based thermal 
problems, however, some challenges remain to implementing them in practice.  The 
primary impediment to obtaining site-specific thermal conductivity data is the cost 
associated with data collection in situ or constructing a full-scale geothermal test well (the 
cost of installing a geothermal test well and testing it may cost up to $35,000 or more 
depending on the location, well depth considered, and geologic factors).  As a result, the 
preliminary design, which may determine whether the project goes forward with 
geothermal as part of the project, is often based on assumed values such as those found in 
the ASHREA handbook that represent the possible range for all conditions and likely do 
not represent the actual site conditions.  Due to the uncertainty associated with the assumed 
values matching the actual conditions, an overly conservative design is often produced. 
One solution to this systemic problem is the collection of site-specific data prior to 
preliminary design. Currently, there is no cost-effective method to collect thermal 
conductivity in situ.  In addition, all existing methods require borehole drilling that is 
costly, can be time consuming, and may impact the project schedule.  If one could reduce 
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the cost of site investigations for geothermal potential, more organizations may be willing 
to consider geothermal project components during the preliminary design.  A compelling 
solution to this problem would be the use of ground penetrating radar (GPR) to evaluate 
the geothermal potential of a site.   
This research program focuses on the first step to implementing GPR technology to obtain 
site specific thermal conductivity by developing a correlation(s) between the relative 
permittivity (dielectric constant) of soil to the thermal conductivity of soil.  This document 
presents detailed objectives and scope of work for the research, a review of literature 
relevant to previous research on the thermal conductivity and relative permittivity of soils, 
and the methods intended to be used during the research. 
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CHAPTER 2 
OBJECTIVES AND SCOPE OF RESEARCH 
2.1 Objectives and Scope  
The objective of this study is to evaluate potential uses of ground penetrating radar (GPR) 
as a means of non-intrusive thermal conductivity site evaluation by developing a 
correlation between the relative permittivity and thermal conductivity of the soil.  A 
correlation between these two properties has not yet been developed and is a fundamental 
step that must be researched before GPR can be used as a thermal conductivity site 
characterization tool. 
Specifically, the following research will be conducted: 
• Prepare bench scale soil samples of known density, void ratio, silt percent, and 
water content for testing. 
• Test the individual bench scale soil samples of varying consistency for both 
thermal conductivity and relative permittivity. 
• Develop laboratory bench scale correlations between thermal conductivity and 
relative permittivity. 
• Scale up the laboratory soil samples (to approximately 2 cubic meters) so that 
they can be measured using conventional GPR equipment. 
• Evaluate the suitability of the bench scale correlations to the large soil specimens. 
• Prepare a dissertation summarizing the existing literature, test methodology 
research, results, and conclusions. 
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2.2 	Anticipated Contributions	
Anticipated contributions to the geotechnical community are anticipated to include the 
following: 
• Connect to areas of research (thermal conductivity and relative permittivity of 
soils) that had previously been observed independently. 
• Provide additional sets of data for both thermal conductivity of soils and relative 
permittivity of soils that may be used for future modeling and correlations.   
• Provide a basis for using GPR equipment to evaluate the thermal conductivity site 
conditions.   
2.3 Research Plan 
To accomplish the objectives of this project, a comprehensive research plan was 
developed.  The following tasks were completed to meet the objectives of this project: 
1. A literature review of pertinent research; 
2. Collect bench scale thermal conductivity and relative permittivity data; 
3. Create a model of thermal conductivity based on soil input parameters; 
4. Create a model of relative permittivity based on soil input parameters; 
5. Build a large-scale test box and collect GPR, thermal conductivity, and relative 
permittivity data; 
6. Create a model to estimate thermal conductivity from relative permittivity 
measurements; 
7. Use relative permittivity data collected by the GPR from the large-scale tests to 
validate the thermal conductivity-relative permittivity model.   
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2.3.1 Task 1 - Literature Review 
The literature review in the following section concentrates on four subsections; thermal 
conductivity, HVAC geothermal systems, relative permittivity, and ground penetrating 
radar.   
2.3.2 	Task 2 – Collect Bench Scale Data 
Test specimens of the selected soils were prepared in a plastic cylindrical mold 15.24 cm 
(6.0 inches) in diameter by 19.05 cm (7.5 inches) tall.  Dry specimens were placed using a 
funnel in general accordance with ASTM D4254-14 Standard Test Methods for Minimum 
Index Density and Unit Weight of Soils and Calculation of Relative Density to achieve 
low-density samples.  In order to provide samples of increasing density, samples were 
vibrated and/or tamped using Standard Proctor Compaction equipment.  Using these 
methods a range of specimens roughly ranging from the minimum dry density to the 
maximum dry density were produced. 
Moist specimens, that were not fully saturated, were prepared by pre-mixing soil to a target 
water content.  The soil was then placed by shaking it through a No. 4 sieve (4.75 mm).  
Dense samples were created by tamping in layers using Standard Proctor Compaction 
equipment.  The number of blows applied to each layer was increased or decreased to 
achieve the target density. 
Wet specimens, that were fully saturated, were prepared by first placing soil dry (as 
described above) and then saturated from the bottom up.  A porous stone separated 
incoming flow from the prepared specimen.  Saturation was done slowly so as to prevent 
damage to the specimen particle structure.  The water added to the specimen was measured 
by volume and mass so that the water content and saturation could be calculated.  For each 
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specimen prepared, the water content, saturation, dry density, and void ratio were 
calculated prior to testing. 
Thermal conductivity was measured using a 15 cm thermal needle (Figure 1) in accordance 
with ASTM 5334 Standard Test Method for Determination of Thermal Conductivity of 
Soil and Soft Rock by Thermal Needle Probe Procedure.  The thermal needle was inserted 
into the prepared specimens after preparation.  Prior to testing, the temperature read out of 
the thermal needle was allowed to stabilize and recorded.  After bench scale testing, the 
thermal needle was carefully removed to allow for relative permittivity testing. 
Immediately after thermal conductivity testing was complete, relative permittivity 
measurements were made on the same bench scale specimens.  Relative permittivity was 
measured directly with a Dynamax TH2O probe (Figure 1) at a frequency of 100 MHz.  
Several measurements were made on the specimen and averaged for a final recorded 
measurement. Manufacturer specifications indicate an accuracy of ±0.13% of mV reading 
with a resolution of 1.0 mV.  Due to the readout resolution of 1.0 mV combined with the 
non-linear equation to calculate relative permittivity from the mV readings, the accuracy 
and potential gross error of permittivity calculated will have a non-linear relationship.  The 
vast majority of measurements on soils will have an accuracy of ±0.3% or better. 
2.3.3 Task 3 – Create a Thermal Conductivity Model 
A new model to estimate the thermal conductivity of soils was developed to incorporate 
preferential heat flow.  Existing databases of soil thermal conductivity measurements were 
used to translate the model from 2D space to 3D bulked space.  The bench scale thermal 
conductivity measurements on 5 soils were used to validate the new model and compare 
the effectiveness of various thermal conductivity soil models.  The new model is one of the 
  
 
7 
few existing models that represents the physical geometry of the three phases of soil 
structure.  It is further described in Section 4. 
2.3.4 Task 4 – Create a Relative Permittivity Model 
A new model for estimating the relative permittivity of soil was developed.  It was 
compared with four common empirical methods using new measurements on five test soils.  
It is further described in Section 5. 
2.3.5 Task 5 – Large-Scale Test Box Measurements 
In order to test GPR in a controlled laboratory setting, a test box was built at the University 
of Massachusetts Amherst to prepared controlled specimens.  The box was constructed of 
a wood frame approximately 1.83 m (6 ft) square in plan with a maximum depth of 
approximately 0.91 m (3 ft).  To minimize noise in the GPR data, the box was constructed 
without metal fasteners.  An approximately 10 cm drainage layer of railroad ballast under 
rounded ¾” pea gravel was wrapped in filter fabric at the bottom of the box.  A metal 
cylinder (5 cm diameter) was placed with the crown level with the top of the drainage layer 
to provide a clear reflector for the GPR data.  A 4-inch diameter (10.16 cm diameter) PVC 
pipe was placed in one corner to allow water to be added or removed from the bottom of 
the box.  A final layer of filter fabric was then secured with water-proof duct tape to the 
edges of the box to separate the drainage layer and PVC pipe from the prepared specimens. 
In order to prepare consistently placed specimens, a rainer system was developed based on 
the pluviation techniques described by Sweeney and Clough (1990).  Plywood sheets with 
variably sized holes drilled in a 3-inch by 3-inch (7.62 cm by 7.62 cm) pattern were used 
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to control the rate of sand placement.  A dense specimen was placed dry using an 8-inch 
square hand tamping compaction plate.   
Specimens were tested for 3 saturation conditions; dry, wet (near 100% saturation), and 
saturated (partially saturated by allowing the specimen to freely drain after the wet 
condition).  The wet condition was achieved by slowly filling the PVC pipe with water and 
allowing the water to spread in the drainage layer.  The specimen would be saturated over 
5-6 hours and then allowed to equalize for 24 hours.  The saturated condition was achieved 
by pumping out from the PVC pipe until the drainage layer stopped seeping water into the 
PVC pipe (typically 5-6 hours).  For testing, the box was split into nine subsections as 
shown in Figure 4.  For each density and saturation combination, water content, thermal 
conductivity, and relative permittivity probe measurements were made in each subsection. 
GPR data was collected across the middle of the box.   
2.3.6 Task 6 – Create a Thermal Conductivity-Relative Permittivity Model 
Thermal conductivity and relative permittivity measurements were made on five soils over 
a wide range of porosity and saturation.  The initial test results confirm that a relationship 
between the relative permittivity and thermal conductivity of sandy soils can be developed. 
Further, normalized thermal conductivity can be estimated quite well from relative 
permittivity measurements alone regardless of soil specific properties.  The model is further 
described in Section 6. 
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2.3.7 Task 7 – Create a Thermal Conductivity Model 
It was shown that good estimates of a soil’s thermal conductivity can be made from relative 
permittivity collected using GPR provided that the maximum thermal conductivity of the 
soil can be reasonably estimated.  Specific results described in Section 6. 
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CHAPTER 3 
LITERATURE REVIEW 
3.1 Introduction 
The following sections present a summary of the literature review that was performed for 
this prospectus.  The research proposed by this prospectus aims to connect several 
previously unconnected areas of research.  In order to properly contextualize the rational 
for the proposed research, it is necessary to describe the work previously done in each area.  
This section is split into four subsections that describe the previous literature for the 
following areas; thermal conductivity, HVAC geothermal systems, relative permittivity, 
and ground penetrating radar.   
3.2 Thermal Conductivity 
Thermal conductivity (denoted kT or λ) is a measure of how well a material will be able to conduct 
heat. Thermal conductivity is expressed in units of Wm-1K-1.  Materials with high thermal 
conductivity values are able to conduct heat better than materials with low values. Conduction is 
the transfer of internal energy by kinetic energy by the numerous collisions of rapidly moving 
particles within a body due to a temperature gradient from the higher (warmer) to lower (cooler) 
gradient.  Conduction is the predominant mode of heat transport within soils (Hillel 1982). 
3.2.1 Thermal Conductivity Theory 
Thermal conductivity is typically evaluated using Fourier’s Law for heat conduction, as 
described in Equation 3.1.  What this shows is that the local heat flux density, qT, is the 
product of the thermal conductivity and the negative temperature gradient.  The local heat 
flux density is the amount of heat energy that flows through a unit area per time.  Thermal 
conductivity will be assumed as fixed for the purpose of this prospectus, however, it is 
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important to note that for some materials, thermal conductivity for a material can be 
temperature dependent.   
Equation 0.1 
$-& = 	−*&∇, 
where: 
qT = local heat flux density       [W/m2] 
kT = thermal conductivity        [W/mK] 
∇T = temperature gradient        [K/m] 
By integrating Equation 3.1 over the total surface area, we arrive at the differential equation 
shown in Equation 3.2. 
Equation 0.2 
-./&.0 = 	−*& 1 ∇, ∙ 345  
where: 
-67869  = the amount of heat transferred per time    [W] 
dA= surface area of the element       [m2] 
Equation 3.2 can then be integrated for a homogeneous material of 1-D geometry between 
two endpoints with constant temperature to produce the 1-D solution for heat flow rate 
shown in Equation 3.3. 
 
  
 
12 
Equation 0.3 
-∆/&∆0 = 	−*&A∆,∆< 
where: 
A = cross-sectional surface area      [m2] 
ΔT = temperature difference between the two ends     [K]  
Δx = distance between the two ends       [m] 
3.2.2 Thermal Conductivity Measurement of Soils 
The measurement of thermal conductivity of a continuous, homogeneous, material such as 
steel, mineral oil, or air is fairly straightforward using the equations listed above.  However, 
it is imperative to be mindful that most soils are composed of at least 3 materials; mineral 
solids, water, and air.  Thus, when we consider the thermal conductivity of soil, what we 
are often considering is the bulk or total thermal conductivity of the composite volume of 
air, water, and solids.   
Numerous methods have been developed to estimate the bulk thermal conductivity of soil, 
Ks.  The methods developed consider the soil to either be under steady state or transient 
state thermal conditions.  The majority of this work was done in the 1940s through 1970s 
and considered both steady state and transient state approaches.  
Most of the steady state methods generally are based on a soil sample placed between two 
plates that maintain a constant temperature differential across the soil sample.  Mitchel and 
Kao (1978) summarized some of these, including the guarded hot plate as standardized in 
ASTM C177-71.  A schematic of the guarded hot plate is presented in Figure 3.1.  Hillel 
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(1982) summarized the problems associated with steady state thermal conductivity testing 
of soils. The primary problem noted is that the time to develop steady state conditions in 
the soil sample is quite long (10 hours or longer), which can cause significant moisture 
migration within the sample that creates a heterogeneous bulk thermal conductivity within 
the sample.  In effect, the soil near the warmer plane becomes drier while the soil near the 
cooler plate becomes wetter.  Since water conducts heat much better then air, the thermal 
conductivity at the hot plate continually decreases during the course of the test.  This 
problem was not novel when Hillel (1982) published his findings as DeVries and Peck 
(1957) had noted that steady state testing is not very suitable for use in soils due to the long 
run times and resulting moisture variations.   
 
Figure 3.1: Schematic of the guarded hot plate. 
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The majority of transient state methods to estimate Ks are based on solutions to Carslaw 
and Jaeger’s (1959) governing equation of radial heat conduction in solids (shown in 
Equation 3.4).     
Equation 0.4 
.,.0 = 	*& .=,.>= + 1> .,.>  
where: 
T = temperature        [K] 
r = radius         [m] 
Of the transient state methods developed to estimate thermal conductivity of soils, the 
thermal probe or thermal needle is the most common.  The thermal probe was first successfully 
used for measuring thermal conductivity of liquids by Weishaupt (1940) and further developed by 
van der Held and van Drunen (1949).  Research of the thermal properties of soils using the thermal 
needle was first conducted by Hooper and Lepper (1950) as well as Skieb (1950).   
Much of the focus of thermal probe design and use in the 1950s was focused on identifying the 
thermal conductivity of granular backfills for buried high voltage electrical transmission lines.  The 
backfill was tested because it was necessary to ensure that the heat generated by the transmission 
lines would flow away from the cable at a rate sufficient to prevent excessive heating that would 
reduce the efficiency of the transmission line.  Uniform dry sands were most commonly used for 
backfill materials and therefore much has been published with regard to unsaturated sands with 
varying water contents.  These relationships are discussed further in Section 3.2.3.   
Weschler et al. (1965) and Weschler (1966) contain a summary of research of the design of thermal 
probes conducted in the 1950s and 1960s.  The design of thermal probes themselves is beyond the 
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scope of this prospectus, but in short Weschler et al. (1965) provided a list of 15 general criteria 
that should be followed while designing thermal probes that generally persist today.  These include: 
1. A length to diameter ratio greater than 25 should be maintained; 
2. The probe heater must provide uniform heating along the probe length; 
3. The temperature coefficient of resistance of the heater wire should be low; 
4. The heater should be firmly emplaced in a protective sheath; 
5. The protective sheath should have a thin wall but be sufficiently rigid to eable 
placement in the samples; 
6. A sheath with a relatively high thermal conductivity and a low thermal mass is 
preferred; 
7. Thermocouples or other temperature measuring devices must be capable of use over 
the temperature range expected; 
8. Thermocouples should be firmly emplaced in a protective sheath of high thermal 
conductivity; 
9. The thermocouple should be located as close as possible to the heater and 
approximately in the center of the probe; 
10. Use of more than one thermocouple is desirable but not necessary; 
11. The heater wire and thermo couple should be of small diameter to reduce the heat leaks; 
12. The thermocouple and/or heater wire should be electrically insulated from the 
protective sheath; 
13. Lead wires should be carefully joined to the heater and thermocouple wires to prevent 
breakage during use; 
14. The protective sheath for the heater and thermocouples should be sealed to prevent 
penetration by moisture and gasses; 
15. Thermocouple lead wires should be electrically shielded to reduce extraneous signal 
noise. 
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In addition, Weschler (1966) recommended that no tests should run for more than 15 to 30 minutes 
and that the ultimate change in temperature should be no more than 3 to 4 degrees K.  These 
recommendations were reinforced by Mitchel et. al. (1977) and remain the standard today as 
outlined by ASTM D5334 Standard Test Method for Determination of Thermal Conductivity of 
Soil and Soft Rock by Thermal Needle Probe Procedure.  ASTM D5334 includes a recommended 
thermal needle assembly based on Mitchel e. al. (1977), shown in Figure 3.2. 
 
Figure 3.2: Components and assembly of thermal needle (ASTM D5334) 
The bulk thermal conductivity of the soil tested with the thermal needle is calculated using 
line heat source theory.  Weschler (1966) provided a reviewed of line source heat theory 
comparing complex theory that attempts to quantify and include effects such as axial heat 
flow (parallel to the length of the needle), probe/soil contact resistance, initial time lag, 
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probe mass, and probe specific heat and a simplified approach that does not.  This review 
was compiled because there are several theoretical assumptions that are required to use a 
line heat source theory analysis that include (as provided by Weschler (1966)): 
1. The probe and heat source are of infinitesimal thickness; 
2. The probe is of infinite length; 
3. The probe must be of a material having the same diffusivity and thermal 
conductivity as the material tested; 
4. The temperature is measured at the surface of the probe which is a negligible 
thickness from the heater source; 
5. The material tested is of: 
• uniform temperature throughout, 
• homogeneous, 
• infinite dimension radially from the heat source, 
• bounded by perfect insulating planes perpendicular to the axis of the 
line heat source. 
It was noted by researchers that these assumptions could provide significant error and 
several researchers (most notably Blackwell (1954), Jaeger (1956), Vries and Peck (1958), 
Carslaw and Jaeger (1959)) used complex solution to incrase the accuracy of the thermal 
probe methodology and analysis.  Weschler (1966) compared the complex analysis to the 
simple line heat source theory using over 15 probes of different dimensions and heat input 
in several soils and found that the simple line heat source theory gives almost identical 
results as the complex analysis if sufficient time is allowed to heat the entire probe.  The 
assumptions required for utilizing the line heat source theory are as follows: 
1. The testing medium is semi-infinite, homogeneous, and isotropic; 
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2. Axial flow is negligible; 
3. Moisture migration is negligible due to 100% or 0% saturation. 
Simple line heat source theory has been derived from Equation 3.4 as: 
Equation 0.5 
$ = lim2E*&> F,F0 for	t≥0 
with the initial boundary conditions: ,= = ,M	at	t=0 ,= = ,M	at	r=∞ 
This may be simplified as shown in Equation 3.6 as: 
Equation 0.6 
,= − ,M = $4E*& ln(0=0M) 
where: 
 T1 = thermocouple temperature at time t1 [s] 
 T2 = thermocouple temperature at time t2 [s] 
 
Based on ASTM D5334, a plot of thermocouple temperature versus log time is produced.  
After the initial transition period, a linear portion of the temperature log time will occur 
during quasi-steady-state conditions.  During this period, the slope of the linear portion will 
be q / 4πkT. Equation 3.6 can then be used to directly calculate the bulk thermal 
conductivity of the soil.  
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3.2.3 Thermal Conductivity Predictive Models for Soils 
It was noticed very early in the literature that the dry density and saturation of the soil had 
a large impact on the thermal properties of soils.  Initially, several soil specific predictive 
correlations for thermal conductivity were made.  Kersten (1949) proposed thermal 
conductivity correlations based on the soil dry density and water content for silt-clay and 
sandy soil mixtures.  De Vries (1952) proposed a correlation for course grained soils 
between 10% and 20% saturation.  Gemant (1952) proposed a method for estimating 
thermal conductivity based on the water content, thermal conductivity of the solids, and 
thermal conductivity of water. Van Rooyen and Winterkorn (1957) investigated the 
relationship between thermal conductivity of sands and gravels with saturation between 
1.5% and 10%.  Johansen (1975) created a predictive method for soils at any saturation 
between 20% sand 100% if the conductivity was known at the fully saturated and dry states.  
Because these correlations tend to be empirical and soil specific in nature, their usefulness 
is somewhat limited.   
Improvements upon the initial correlations were made by Hillel (1982) and Ingersoll 
(1988).  Hillel (1982) worked of the approach that bulk thermal conductivity was a function 
of bulk density, composition of soils’s solid phase (mineral and organic components), 
moisture content, and the size, shape, and arrangement of soil particles.  He developed the 
following equation, suitable for 100% saturated conditions: 
Equation 0.7 
TU = (VWTW + *VMTM)(VW + *VM)  
where: 
 fo = volume fraction of water 
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 f1 = volume fraction of solids 
 Kc = thermal conductivity (bulk) of composite medium  [W/mK] 
 Ko = thermal conductivity of water     [W/mK] 
 K1 = thermal conductivity of solids     [W/mK] 
 k = semi-empirical parameter 
 
This approach essentially is a weighted average of the thermal conductivity of water and 
solids based on the volume fraction of water and solids with the added k term to modify to 
account for the ratio of K1/Ko, particle size, particle shape, and mod of soil packing.  
Because many of those variables are difficult to quantify, Hillel (1982) suggested that using 
the ratio K1/Ko as an approximation for k was reasonable. 
Ingersoll (1988) presented an improved analytical model from which thermal conductivity 
is estimated based primarily on volumetric water content and porosity for saturated and 
unsaturated conditions.   
Equation 0.8 
1*X = 1 − Y*Z + [ Y\1 − ]Y^ *_ + ]Y *` 
where: 
 km = bulk thermal conductivity     [W/mK] 
 ks = thermal conductivity of solids     [W/mK] 
 ka = thermal conductivity of air     [W/mK] 
 kw = thermal conductivity of water     [W/mK] 
 ν = volumetric water content 
 Y = porosity 
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 F = F-factor 
If conditions are 100% saturated, the equation can be reduced to: 
Equation 0.9 
1*X = 1 − Y*Z + [ Y*` 
 
Ingersoll (1988) defined the F-factor as the average of fissure-like pores oriented 
perpendicular to the heat flux as opposed to being parallel to it and can be obtained from 
the expression: 
Equation 0.10 
[ = 0.5(] + 0.014)c.=d 
More recent analytical models have tended to extend from Ingersoll (1988), such as Becker 
and Fricke (1997), Hendrickx et al. (2003), Chen (2008), and Lu et al. (2007) who all 
proposed unifying thermal conductivity correlations taking into account saturation and 
void ratio/porosity or bulk density based empirical data or literature reviews.  As shown in 
Figure 3.3, which shows experimental data from Chen (2008) collected from four sand 
gradations, the following observations can be made.  First, the degree of saturation has the 
largest influence on the bulk thermal conductivity of the soil.  Second, the void ratio has a 
smaller but still significant influence on the bulk thermal conductivity.  Third, the gradation 
of the sand had a very limited influence that is much smaller than that of the saturation or 
void ratio.  The three components that make up sandy soil (sand particles, water, and air) 
have very different thermal conductivities.  More specifically, soil has a thermal 
conductivity about a magnitude larger than water and about 250 times that of air.  
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Increasing saturation reduces the amount of air present and lowering void ratio increases 
the proportional amount of solids, thus the results shown intuitively make sense.   
 
Figure 3.3: Experimental data from Chen (2008) on four sands at varying gradation 
From these data, Chen proposed the following equation for the bulk thermal conductivity of a soil 
to be: 
Equation 0.11 
*&e = 	*`_9fgh *ZWijkMlh [(1 − 0.0022)ng + .0022]c.pqh   
Where: 
 kTb = bulk thermal conductivity of soil 
 kwater = thermal conductivity of water 
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 ksolid = thermal conductivity of the solid soil particles 
 Sr = saturation ratio (volume of water / volume of voids) 
 n = porosity 
Generally, the work of other contemporaries conclude similar findings with variations in 
the empirically derived equations for bulk thermal conductivity likely due to the soils used 
to derive them.  Haigh (2012) compared several empirically derived models and concluded 
that Chen (2008) performed best over the widest range of soils.  Haigh (2012) also 
developed an analytical solution that provided a prediction of thermal conductivity with a 
similar accuracy as that empirically developed by Chen.  The comparison of the various 
models reviewed by Haigh (2012) are shown in Table 3.1. 
Table 3.1: Linear regression fits comparing predicted and measured thermal 
conductivities 
 
3.3 HVAC Geothermal Systems 
3.3.1 Introduction to HVAC Geothermal Systems 
Geothermal technology is one of the more prominent and fast evolving technologies for 
inexpensive and environmentally friendly renewable energies.  Broadly, the term 
geothermal can refer to either “deep” geothermal systems that aim to generate electrical 
resulting method is unique in that it represents both the
physical geometry of the three-phase system and the meas-
ured thermal conductivities of a variety of soils. Other
techniques reported in the literature are either curve-fits to
test databases or geometric models that fail to adequately
capture the variation of thermal conductivity measured in
soil test data.
Whil the equation derived in this paper to calculate
thermal conductivity is necessarily somewhat complex rel-
ative to the empirically derived equations, it both provides
an accurate prediction of thermal conductivity for a wide
database of experimental results and reflects the physical
processes involved in determining these.
NOTATION
A hexagonal area occupied by a particle within a plane
c specific heat capacity
e voids ratio
h separation between planes of particles
k thermal conductivity
kbulk global equivalent thermal conductivity
kfluid thermal conductivity of fluid
ksolid thermal conductivity of solid
kwater thermal conductivity of water
n porosity of soil
R radius of soil particle
r radius of shell
Sr saturation ratio
Vsolid volume of soil solids
Vtotal total volume of cell
Vvoid volume of voids
Vwater volume of fluid at particle contact
w moisture content of soil
Æa normalised thermal conductivity of air
Æw normalised thermal conductivity of water
! normalised radius of water bridge
ª unit weight of soil
Ł dimensionless number
# dimensionless particle separation
rdry dry density of soil
rshell thermal resistance of shell
rtotal thermal resistance of unit cell
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Fig. 10. Comparison of prediction methods on all experimental data
Table 2. Linear regression fits comparing predicted and measured thermal conductivities
Gradient R2 Standard error: W/(mK) Number of data points
Present study 1.00 0.86 0.24 151
Chen (2008) 0.92 0.85 0.29 155
Lu et al. (2007) 0.98 0.78 0.32 150
Coˆte´ & Konrad (2005) 1.00 0.70 0.32 155
Gori & Corasaniti (2002) 1.17 0.79 0.31 155
Tarnawski et al. (2000) 1.28 0.54 0.38 155
Gangadhara Rao & Singh (1999) 1.13 0.77 0.31 131
Donazzi et al. (1979) 1.00 0.73 0.38 155
Johansen (1977) 0.96 0.65 0.32 130
de Vries (1963) 0.89 0.78 0.29 125
624 HAIGH
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power or “shallow” geothermal systems that aim to contribute to all or a portion of a 
building heating and cooling load.  This prospectus focus on shallow geothermal systems 
(typically less than 1500 feet deep) typically used for heating and cooling. These shallow 
geothermal systems are sometimes also referred to as direct use, geoexchangers, ground 
source heat pump (GSHP) systems, or geothermal heat pumps (GHP).   
The design of a geothermal system requires knowledge of a variety of input parameters 
that include; the thermal properties of the soil/bedrock, such as thermal conductivity, 
thermal diffusivity, and undisturbed soil/water /bedrock temperature, the operating 
characteristics of the heat pumps, estimates of annual and peak block loads of the 
structures/applications, and information about the properties of the heat exchanger: the size 
of the U-tubes, the grouting material, etc (NYC DDC (2002)).  Many of these parameters 
are fairly straightforward to obtain or may be selected by the design engineer.  However, 
thermal conductivity of the soil is site specific to the local geology and is often quite 
difficult to accurately estimate.  Further, the thermal conductivity of the soil has the most 
influence on the calculated geothermal well capacity and thus is a critical calculation input 
(McQuay (2002)).  This section reviews the basic concepts of geothermal theory, types of 
shallow geothermal systems, site conditions that may impact geothermal design, typical 
geothermal construction techniques, thermal response testing of geothermal wells, and the 
cost of exploration and testing. 
3.3.2 Basic Concepts of HVAC Geothermal Theory 
Geothermal energy, the energy stored as heat underneath the surface of the earth, can be 
used as an environmentally friendly heat source to provide heating and cooling supplies to 
residential houses, municipal facilities, and commercial and industrial buildings.  The use 
of geothermal energy has the following advantages over traditional energy sources: 
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• Significantly reduces the emissions of CO2; 
• No emissions or pollutants released during operation; 
• Can be combined with other energy sources if needed; 
• Can be extracted in multiple ways; 
• The technology to extract geothermal heat already exists; 
• Equipment used to extract and operate a shallow geothermal system is simple, 
durable, and reliable; and  
• The source and costs are not subject to market demands or supply concerns 
currently facing fossil fuels. 
Geothermal energy is derived from two main sources.  The first source is from solar 
radiation percolating into the ground with surface water migration.  The second source is 
heat radiating from the interior of the earth.  Figure 3.4 illustrates the two main geothermal 
heat sources. 
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Figure 3.4: Sources of geothermal heat in the ground.  
A shallow geothermal system is comprised of two main components - the ground extraction 
system and the heat transfer system.  The ground extraction system is the means by which 
the geothermal energy is collected or rejected from the ground and transferred to the 
building.  The heat transfer system is the process by which the geothermal energy is either 
heated or cooled to meet the specific needs of the building.  The heat transfer process 
occurs in a heat pump system after it is extracted from the ground.  The heat pump system 
includes a refrigerant, an evaporator, and a condenser to supply the specific heating and 
cooling needs of the building.  The Figure 3.5 below shows a schematic of a typically heat 
pump system that would be installed to convert geothermal energy. 
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Figure 3.5: Typical operations of a heat pump system (from SWARM (2013)). 
3.3.3 Types of Shallow Geothermal Systems 
There are multiple geothermal ground extraction systems that can be used depending on 
the specific site or project constraints and goals consisting of a groundwater well system. 
Typical shallow geothermal extraction configurations include:  
• horizontal heat exchange coils;  
• vertical borehole heat exchangers;  
• groundwater wells; and  
• energy pile foundations.   
Horizontal heat exchange coils, vertical borehole heat exchanger, and energy pile 
foundations are considered to be closed-loop systems.  Closed-loop systems are so named 
because the ground water does not enter the heating system so that the system is “closed” 
to the environment.  Closed-loop systems extract heat from the ground by means of a heat 
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exchanger.  Typically, the heat exchanger is an HDPE pipe filled with a circulating fluid; 
either water or a mixture of water and antifreeze.  When in heating mode, the circular fluid 
collects heat from the ground and transfers it to the heat pump.  In cooling mode, the 
circulating fluid collects heat from the heat pump and transfers it into the ground.   
Designers of closed-loop geothermal systems strive to meet two key goals as cost 
effectively as possible.  These goals are: (1) good thermal contact between surrounding 
soil/rock and the heat exchanger piping and (2) protecting groundwater from contamination 
(NYSERDA (2007)).  These goals generally favor using the smallest feasible borehole 
diameter.  Smaller diameter boreholes usually cost less, can be installed faster, have better 
heat transfer, and offer less cross section in which failure and groundwater contamination 
could occur 
The use of groundwater wells is considered to be an open-loop system because the 
groundwater is used to transfer heat from the ground to the heat pump or vice versa.  High 
quality groundwater is an essential element of open-loop geothermal design because the 
groundwater is in direct contact with the HVAC equipment (McQuay (2002)).  In addition, 
the groundwater hydrology often has a larger impact on open-loop systems.   
3.3.3.1 Horizontal Heat Exchange Coils 
Horizontal ground-couple systems are the shallowest form of geothermal system.  
Conventionally, piping is placed in trenching 4-8 feet below ground surface.  Alternatively, 
a slinky configuration of piping may be used in the trench to shorten the required length of 
trench.  Typically, horizontal ground-coupled systems can be installed at a lower cost than 
other forms of geothermal systems when the system size is relatively small (less than 50 
tons) (NYSERDA ((2007)).  Horizontal fields require more land area because they run near 
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the surface rather than vertically into the ground.  In addition, horizontal ground-coupled 
systems require more length of pipe because the earth near ground surface is more subject 
to seasonal temperature swings.  The required length of trench for traditional configurations 
of horizontal closed-loop systems is typically 300-500 feet per ton of heating or cooling 
load and 125-180 feet per ton for slinky configurations (NYSERDA (2007) and NYC DDC 
(2002)). In summary, horizontal ground-coupled heat pump systems are best for smaller 
systems when sufficient land area is available for the field.  A typical configuration of a 
horizontal closed-loop system is shown in Figure 3.6. 
 
Figure 3.6: Typical configuration for horizontal heat exchanger coils (from McQuay 
(2002)). 
3.3.3.2 Vertical Borehole Heat Exchangers 
Vertical closed-loop ground-coupled systems are one of the most common configurations 
because they efficiently use space and may be used for systems of all sizes.  A major 
advantage is that after the well filed has been installed, the area may be covered over by 
landscaping or a parking lot.  This secondary land use and the insular nature of closed-loop 
systems often make vertical closed-loop systems the most practical option in urban areas.  
Vertical closed-loop systems require a test well be installed and thermally tested prior to 
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Loop Design Theory 
Loop Types 
A ground loop is a heat exchanger that either extracts or adds heat to the ground.  The ground itself is 
not a perfect heat sink/source because the energy added to the ground by the loop can change its 
temperature over time.  The principles of this interaction are common in all loop types and will be 
discussed here. Geothermal systems come in several different configurations, each with its own 
strengths and weaknesses. These are discussed below. 
Figure 4 – Open Loop 
Open vs. Closed Loop 
Open loop systems draw ground water 
directly into the building and heat/cool 
the heat pumps with it.  The system 
requires sufficient ground water to 
meet the needs of the building.  
Ground water often has minerals and 
other contaminants in it that 
detrimentally affect the equipment.   
Open loop systems that use lake water 
are also available, but should use 
filtration equipment or secondary heat 
exchangers to deal with contaminates.  Lake water, used in a open loop application, should be used in 
climates where the entering water temperature is above 40 degrees F.  The ground must have the 
capacity to take open loop system discharge.  These cannot be used below 40°F without the risk of 
freezing.  In addition, open loop systems must allow for the increased pump head from the 
lake/ground water level to the heat pumps.  Open loop systems are not common on commercial and 
institutional applications and will not be covered here. 
Closed loop systems have a dedicated fluid loop that is circulated through the ground or pond in 
order to exchange energy.  The ground/pond water and loop water do not mix.  Closed loop systems 
are further broken down into loop types. 
Figure 5 - Horizontal Loop 
Horizontal Loop 
A horizontal loop runs piping parallel 
and close to the surface.  The 
undisturbed ground temperature often 
changes seasonally depending upon 
where the loops are installed.  
Horizontal loops are easier to install but 
require significantly more area 
(approximately 2500 ft²/ton) than other 
loop types. 
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production well installation because the true thermal properties cannot be accurately 
measured by other means.  As a result, an investment must be made before the final size 
and cost of the well field is determined (NYSERDA (2007)).   
The configuration of the test well must be carefully considered and should match the 
anticipated production wells as closely as possible.  The primary reason for this is that the 
thermal testing typically performed on the test well considers the entire well as one system 
and provides average values to be used for final design.  The practical effect of this is that 
altering a single element of the well design may not have a linear effect on actual 
performance.  Examples of practices to be avoided included significantly shortening or 
deepening the production wells, changing the required thermal conductivity requirements 
of the grout mix, changing the required U-tube size, or changing the requirement on casing 
left in place or removed. (Rubin 2015)   
Using 1 ¼ inch U-tube, a typical system will require 150-300 feet depth of bore per ton of 
heating or cooling load (NYSERDA (2007), NYC DDC (2002), and McQuay (2002)).  The 
actual length required will depend on site-specific conditions.  Overall, vertical closed-loop 
ground-coupled systems are good for most sizes of systems and use land area efficiently 
but may have a higher initial cost than other geothermal systems. 
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Figure 3.7: Typical configuration for a vertical borehole heat exchanger system (McQuay 
(2002)). 
3.3.3.3 Groundwater Wells (Vertical Open-loop Systems) 
Vertical open-loop systems have many similar advantages to vertical closed-loop systems 
and some unique advantages and disadvantages.  The major difference between vertical 
closed-loop and vertical open-loop systems is that open-loop systems pump water directly 
from the ground rather than reheating a circulating fluid.  Thus, each vertical open-loop 
well is a true water well and must be conform to the standard practice and permits for water 
wells.  Each well requires a riser above ground to provide access to the well.  As such, the 
ground surface area immediately around the well cannot be used for a secondary function 
such as a parking lot.  Additionally, placement of the well away from overhangs or other 
future overhead obstructions should be avoided so that wells can be accessed for 
maintenance in the future. 
The vertical orientation of the vertical open-loop well systems efficiently use land area.  In 
cases when only one production well is required, a vertical open-loop system may require 
the least amount of land.  However, to avoid cross well influence from the supply and 
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Figure 6 – Vertical Loop 
 
Vertical Loop 
Vertical loops run perpendicular to the 
surface and the holes can be several 
hundred feet deep.  At these depths, the 
undisturbed ground temperature does 
not change throughout the year. Vertical 
loops only require approximately 250 to 
300 ft²/ton. 
 
 
Figure 7 – Surface Water Loop 
Surface Water Loop 
Surface water or pond loops use a body 
of water as the heat sink.  Heat escapes 
the water through surface evaporation, 
so the process is closely connected to 
pond temperature and ambient wet 
bulb.  In winter, when the pond could 
be frozen, heat transfer is dominated by 
contact between the loops, the bottom 
water and the soil surface at the bottom 
of the pond. 
Ground Loop Fundamentals 
Figure 8 – Typical Vertical U Tube Installation1 
The ground loop is a heat exchanger 
that is similar to a cooling coil or an 
evaporator in a chiller.  The goal is to 
transfer energy from the heat pump 
loop fluid to/from the ground.  
The purpose of loop design is to 
estimate the required loop length.  This 
is best done with computer software, 
but a basic understanding of the process 
is helpful.  The heating and cooling 
loads provide the designer with the 
energy transfer rates for sizing the loop.  
The design supply fluid temperatures 
must be estimated.  The larger the loop 
for a known load, the cooler the supply fluid temperature will be.  Lower fluid temperatures improve 
                                                          
1 Copyright 1997, American Society Of Heating, Air-conditioning and Refrigeration Engineers Inc., 
www.ashrae.org. Reprinted by permission from Ground-Source Heat Pump Systems: Design of 
Geothermal Systems for Commercial and Institutional Buildings 
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return wells, wells must be typically spaced 100 to 500 feet apart.  The following equation 
provides a general guide (NYC DDC (2002)): 
Equation 0.12 
 Well Separation (ft) = (design well btu/h x 0.2)1/2    
The amount of heating or cooling load a single well can support is based on the flow rate 
a well is capable of producing, not the heat transfer properties of the ground.  Eliminating 
the reliance on the heat transfer properties of the ground, which tend to be the most 
inefficient element of vertical closed-loop systems, allows an open-loop well to provide 
more heating or cooling load than a closed-loop well.  An open-loop system can typically 
produce 1 ton of heating or cooling per 3gpm of well pumping (NYC DDC (2002)). 
While providing significant benefits, using the groundwater in the system rather than a 
closed-loop fluid adds additional potential complications.  Primarily, the use of 
groundwater in the system may lead to maintenance issues that require servicing such as 
(NYC DDC (2002)): 
• Reduced well yield due to incrustation or biofouling; 
• Changes in the static groundwater level due to natural or manmade phenomena; 
• Plugging of the well screen by fine particles; 
• Structural failure of the well screen or casing; 
• and, damage to or failure of the well pump. 
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Additionally, the water pumped out of the ground must be re-injected into the ground.  This 
is typically done using a second well.  Typically, federal, state, or local regulations will 
prevent water from being disposed into the sewer system.  To mitigate the potential 
complications associated with a reliance on groundwater, a hydrogeologic study must be 
performed to characterize the quality of the water, the maximum achievable flow volumes, 
and groundwater flow characteristics; this may be achieved soil investigations, installation 
of piezometers, and groundwater testing (NYSERDA (2007)).   The best conditions for 
open-loop wells are in locations with thick gravel deposits that allow for high flow rates.  
Typically, deposits of fine sand, silt, clay or elevated bedrock do not provide high flow 
rates. Unfortunately, the soil conditions most ideal for the function of open-loop wells are 
also generally the most costly for well installation. 
 
Figure 3.8: Typical configuration for open-loop groundwater wells system (NYC DDC 
(2002)). 
Chapter 3 pg.2
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Open System with Supply and Diffusion Wells
The open type of geothermal heat exchanger consists of one or 
more supply wells which supply water to the at pump loop, and 
return or diffusion wells into which the same water is re-injected 
into the aquifer from which it wa  drawn. These wells are ela-
tively shallow (several hundred feet in depth), and are generally 
cased to the depth where the water is available for pumping, or 
in the case of a diffusion well, can be accepted by the geologic 
formation. Aquifers that can furnish water at high flow rates are 
generally of coarse material such as gravel, but not clay, sand or 
bedrock.
 The water must be drawn into the supply well and re-injected into 
the diffusion well through a screen. Screens consist of perforated 
pipe wrapped at a calculated interval with wire having a V-shaped 
cross section. This permits the well to remain clear of sediment 
and maintain the required flow rates. Screens for diffusion wells 
must be twice the size of screens for supply wells which compen-
sate for screens not being optimized for diffusion (return) and the 
need to overcome the earth’s natural resistance to return water to 
an aquifer (hydrologic tension).
An open well earth coupling can be the lowest cost and the highest 
efficiency method. A hydrogeological study is required to deter-
mine if  the required water flow rate of three gallons per minute 
per ton of air conditioning will be available for the life of the well. 
A sustainable method of returning the water must also be deter-
mined. Disposing of the water into the sewer system is never an 
option. This type system is most economical in large portions 
of Brooklyn, Queens and parts of Staten Island. As the availabil-
ity of water from a given well unknown, test wells and monitor-
Examples of Well Screens,
Courtesy Johnson Screens
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3.3.3.4 Standing Column Wells 
Standing column well systems combine many of the aspects of vertical closed-loop systems 
and vertical open-loop systems.  Like vertical open-loop systems, standing column well 
systems utilize groundwater rather than a closed-loop of fluid to transfer heat from the 
ground to the building.  Additionally, like vertical open-loop systems, the area immediately 
around the well and above the well cannot be used for a secondary function.  However, 
unlike open-loop systems, standing column well systems contain both the supply and return 
feed in a single well and like closed-loop systems, rely on the ground to re-heat the water 
in the well.  This makes standing column wells are much less sensitive to groundwater flow 
rates because most of the water in the standing column well is recirculated.  This allows 
standing column wells to be installed in locations with near surface bedrock.  Additionally, 
standing column well systems require a much less extensive hydrogeologic study.  
Groundwater temperatures should be verified in the field prior to final design.  A 6-inch-
diameter 1500-foot-deep standing column well will typically have a heating/cooling 
capacity of 30 to 40 tons (NYC DDC (2002)).  Ideal spacing of standing column wells is 
typically 50-70 feet.  Wells spaced closer together may experience thermal interference 
reducing the well capacity (NYC DDC (2002)). 
To avoid the well water becoming too warm or too cold during times of peak performance, 
the return water can be bled to increase or lower the source water temperature on command 
by advective groundwater flow.  The bleed rate is typically 10-20% of the total pumped 
flow (NYSERDA (2007)).  However, it is important to minimize the required bleed in 
design because the bled water must be reused or disposed of.  Regulatory restrictions of 
the disposal of bleed water, particularly in brackish water conditions, may limit the amount 
that can be bled from the system or prohibit bleed entirely. 
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3.3.3.5 Energy Pile Foundations 
An additional subcategory of vertical closed-loop ground-coupled systems is energy piles.  
Energy piles are structural support foundation piles that also serve as vertical closed-loop 
wells.  Because the piles act as foundation supports, the structural stability of the piles 
supersedes the thermal design.  Care must be taken that the energy piles never reach the 
frost limit and that the highest possible pile temperature is coordinated with the structural 
design requirements.   
Energy piles may be prefabricated as precast concrete piles which are driven into the 
ground or may be installed insitu as drilled piles.  Precast energy piles typically have a 
maximum length of approximately 45 feet.  Each energy pile may be prefabricated with up 
to 4 U-tube loops which allow for a total of up to 180 feet of vertical closed-loop per pile.  
An alternative method to extend the energy pile depth is the use of hollow piles.  If hollow 
piles are used, several sections can be connected together to form a deep pile with an inner 
void the length of the pile.  Bundles of pipes can be fed down the pile which must be filled 
in place.  The U-tubes for drilled energy piles should be installed as part of the reinforcing 
steel cage.  The placing of the U-tubes in the reinforcing cage should be performed in the 
cage factory when possible.  Binding wire is not suitable for connecting the pipes to the 
reinforcing cage. 
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Figure 3.9: Typical configuration for energy pile foundation (from Goldfingle (2009)). 
3.3.4 Impact of Site Conditions on Geothermal Design 
Several geologic factors influence a site’s geothermal resource potential, including:  heat 
flow, thermal conductivity, geothermal gradients, radioactivity of the underlying bedrock, 
thickness of the radioactivity layer, average temperature at depth, and the average surface 
temperature.  Sites with high heat flow, high crust radioactivity, low thermal conductivity, 
and high temperatures at depth are most favorably as a geothermal resource area.   
When gathering existing geologic information to evaluate the geothermal resource 
potential key details include the depth to bedrock from ground surface, the type of rock, 
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the quality of the bedrock (fractures, weathering, etc.), the type of overburden soil, and 
layers of cobbles or boulders in the overburden soil. The thermal properties of the ground 
can be estimated using values for soils and rocks of a particular group and moisture content 
that is characteristic of local conditions (ASHREA (2011)).  However, unless a test well is 
installed and thermal testing is performed, the true thermal characteristics of the site can 
only be estimated. 
Beyond the characterization of the geology and hydrology, site specific factors may impact 
the geothermal resource potential.  Site specific factors that may impact geothermal 
resource potential include the available space on site for a well field, potential zoning and 
permit requirements, and underground utilities such as sewers or vaults.  Depending on the 
site, these factors may play a large role in evaluating the feasibility of different geothermal 
system configurations. 
3.3.5 HVAC Geothermal Construction Techniques 
Although the construction techniques used may vary depending on which specific type of 
shallow geothermal system is employed, generally, the work will consist of a combination 
that may include; trenching, borehole drilling, grouting, and installation of the heat 
exchanger tubing.   
3.3.5.1 Geothermal Borehole Drilling Techniques 
The drilling rigs are typically truck-mounted, water well rigs or modified “shot hole” rigs.  
These types of drilling rigs initiated from different industries.  “Shot hole” crews drill 
relatively shallow holes for seismic exploration, typically for petroleum industry. The key 
to shot hole profitability is productivity or the number of holes per day.  Petroleum 
exploration is done in sedimentary rock basins, where the drilling is generally performed 
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in shales, sandstones, and similar rocks that are relatively easy to drill.  Thus relatively 
lightweight equipment can be used.  The lightweight rig is usually a straight truck under 
26,000 pounds, with a single rear axle and drilling capacity of several hundred feet. Some 
geothermal heat pump installers have adapted these rigs for high productivity of borehole 
heat exchange installation.  These drillers use 10 ft to 20 ft rods or drill pipe sections.  Many 
other installers come from water well industry, which tends to use heavier equipment that 
is adaptable to wide variety of down-hole conditions.  A typical water well rig might 
weight 45,000 pounds including the tandem axle straight truck.  These rigs have more 
power and can work in a wider variety of geological conditions.  Typically, drilling is 
accomplished using mud rotary methods or percussion methods (such as a down-hole air 
hammer) (Rubin 2015). 
3.3.5.2 Grouting Vertical Closed-Loop Wells 
High solid bentonite grout is the most common material used for backfilling closed-loop 
vertical systems.  Sodium bentonite swells to 10 to 20 times its original dry volume when 
wetted.  In conventional grouts, the rate of wetting and swelling is controlled by grain 
size and coatings, so the material will swell after being placed in borehole.  Although the 
base bentonite is a natural product, the manufacturer, by carefully controlling grain size 
and coatings, produces a product with the desired swelling delay. High solids bentonite 
grout provides good groundwater protection, and it is rather easily installed, however, it 
has very low thermal conductivity and the low thermal conductivity limits heat transfer 
and requires larger heat exchangers (more boreholes or deeper boreholes). To counteract 
this problem, enhanced thermal conductivity bentonite grouts are commercially available.  
Typically, the addition of silica sand is used to increase the percent solids of the grout mix 
and it’s installed thermal conductivity.  It is important to note that the installation of the 
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grout can have as large an impact on the installed thermal conductivity as the design mix.  
Grout that is not placed by tremmie pipe (from the bottom of the borehole to the top) can 
become watered down when placed and produce a lower than expected thermal 
conductivity (Rubin 2015). 
3.3.6 Thermal Response Testing (TRT) 
While there are several references that are suitable for obtaining ball park numbers, site 
specific data is almost always required to prepare an accurate design.  The design of a 
ground heat exchanger requires, among other parameters, knowledge of the thermal 
properties of soil/rock (thermal conductivity, thermal diffusivity, borehole thermal 
resistance and undisturbed soil temperature).  A thermal response test measures the thermal 
properties of the ground.  They are often undertaken prior to installing a closed-loop ground 
source heat pump system using vertical boreholes. In a thermal response test, a constant 
heat injection or extraction is imposed on a borehole heat exchanger and water flow and 
inlet and outlet temperatures are measured at regular intervals.  The resulting temperature 
response is then used to determine the thermal properties of the ground and to evaluate the 
thermal resistance of the borehole heat exchanger.  The idea of measuring the thermal 
response of closed-loop geothermal boreholes was first presented by Mogensen (1983).  
The thermal response test is performed usually in the same borehole used for the actual 
borehole heat exchanger.  Although the test procedure can vary depending on equipment, 
site, evaluation procedure, the principles are generally the same.  
General test procedures are:  
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• Setting up equipment including test and calibration of measuring devices, placing 
the apparatus close to the borehole and connecting electricity and heat exchanger 
to the system. 
• Filling test loop with brine and purging. 
• Setting the levels for flow rate and heat power.  The flow rate should be chosen to 
keep the flow in the test loop turbulent throughout the duration of the test. 
• Activating data logger and possible remote data transmission system.  Remote 
monitoring is useful since the operation can be checked regularly without a 
specialist on site. 
• Determination of the undisturbed ground temperature if required by the evaluation 
method. 
• Switching on heating or cooling load.  The power should be kept as steady as 
possible. 
• Power load is kept on a steady level for the chosen test duration. 
• Switch off, dismantling and cleaning test equipment. 
Recommended specifications for thermal response test are: 
• Thermal response tests should be performed for 36 to 48 hours. 
• Heat rate should be 15 to 25 W per foot of bore, which are expected peak loads on 
the U-tubes for an actual heat pump system. 
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• Standard deviation of input power should be less than ±1.5% of average value and 
peaks less than ±10% of average, or resulting temperature variation should be less 
than ±0.5°F from a straight line of a log (time) versus average loop temperature. 
• Accuracy of the temperature measurement and recording devices should be ±0.5°F. 
• Combined accuracy of the power transducer and recording device should be ±2% 
of the reading. 
• Flow rate should be sufficient to provide a differential loop temperature of 6 to 12 
°F.  This is the temperature differential for an actual heat pump system. 
• A waiting period of five days is suggested for low-conductivity soils (k<1.0 
Btu/h.ft.°F) after the ground loop has been installed and grouted (or filled) before 
the thermal property test is initiated.  A delay of three days is recommended for 
higher conductivity formations (k>1.0 Btu/h.ft.°F). 
• The initial ground temperature measurement should be made at the end of the 
waiting period by direct insertion of a probe inside a liquid-filled ground heat 
exchanger at three locations, representing the average, or by temperature 
measurement as the liquid exits the loop during period immediately after start-up. 
• Data collection should be at least once every 10 minutes. 
• All aboveground piping should be insulated with a minimum of 0.5 inch closed-
cell insulation or equivalent.  Test rigs should be enclosed in a sealed cabinet that 
is insulated with a minimum of 1.0 inch fiberglass insulation or equivalent. 
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• If retesting a bore is necessary, loop temperature should be allowed to return to 
within 0.5°F of the pretest initial ground temperature.  This typically requires a 10 
to 12 day delay in mid-to high conductivity formations and 14 days in low 
conductivity formations if a complete 48 hour test has been conducted.  Waiting 
period can be proportionally reduced if tests were shorter. 
The evaluation method widely accepted for simplicity and reasonable accuracy is based on 
solution of the Line Source problem.  A common difficulty quite often encountered when 
applying this model to analyze experimental data is that different time intervals lead to 
different slopes and this leads to different values for the soil/rock thermal properties.  In 
the line source modeling, the equation for the temperature field as a function of time and 
radius around a line source with constant heat injection rate may be used as an estimation 
of the heat injection from borehole heat exchanger. 
The following equations are used to calculate thermal conductivity (k) and bore thermal 
resistance (Rb) (ASHREA (2011)): 
Equation 0.13 
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Where 
m and λ are constants 
k is the thermal conductivity        [W/m.K] 
Q is the injected heat power        [kW] 
Tf is the heat carrier mean fluid temperature=     [°C] 
Rb is the borehole radius        [m] 
Tsur denotes the undisturbed initial ground temperature in borehole   [°C] 
α is the thermal diffusivity        [m2s-1] 
H is the effective borehole depth       [m] 
t is the time from start of the test       [s] 
Rb is the borehole thermal resistance       [KW-1m] 
Γ is the Euler’s constant (0.5772) 
In Equation 3.13, λ is determined from the slope of the line in the plot of natural log of 
time versus mean fluid temperature collected during testing. The slope of the mean 
temperature data versus natural log of time in seconds is proportional to the thermal 
conductivity of the rock and filled material through which the heat is transferred.  
According to line source model thermal conductivity and borehole thermal resistance are 
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calculated with an iterative approach.  The iteration is continued until calculated fluid 
temperature distribution fits the experimental (field) distribution for 48 hour in each 
measurement.   
3.3.7 Costs of Traditional HVAC Geothermal Exploration and Testing 
Site geology affects the cost of drilling in addition to the geothermal well efficiency.  Site 
locations with component bedrock that can be drilled without temporary casing are 
favorable to drilling.  Site locations with considerable sand, gravel, and cobble deposits 
may require the placement of temporary casing in the ground during drilling to support the 
borehole wall.  The installation of casing increases the time required to complete drilling 
and may increase the cost of the geothermal well field installation.  In some cases, the 
temporary casing cannot be removed without damaging the well and must be left in the 
ground which may also increase the cost of well field installation. 
Other factors that may increase the cost of drilling include: 
• Site accessibility; 
• Availability of construction equipment to dig spoil pits; 
• Permitting required for drilling; 
• Availability of water for drilling; 
• Seasonal variations (especially in northern zones); 
• Regional variations; 
And, the method of drilling used. 
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Horizontal systems tend to have the lowest exploration and testing costs because they do 
not require well drilling.  However, for final design it is important that the site geology and 
groundwater depth be characterized and verified by in-field explorations.  Typically, these 
explorations are performed by either a truck mounted drill rig or ATV (all terrain vehicle) 
drill rig depending on site conditions.  Approximately 3 acres can be covered by a single 
rig per day at a cost ranging from $1500 to $2500 per day (Rubin (2015)).  Testing of 
recovered samples is required to aide in soil characterization and to determine reuse 
potential for excavated material as backfill.  Depending on site conditions encountered, 
roughly 3 acres of area would require a laboratory testing budget or approximately $750 to 
$1500 (Rubin (2015)). 
Vertical systems require more exploration and testing cost than horizontal systems.  
However, the exploration and testing requirements for open-loop and closed-loop systems 
are quite different.  Vertical closed-loop systems require the installation of a test well prior 
to final design.  The cost of the test well is typically higher in costs than production wells 
because typically, limited subsurface information is available resulting in slower drilling 
practices.  In addition, after the test well has been installed, a formation thermal 
conductivity test and data analysis must be performed.  Typically, the cost of test well and 
formation thermal conductivity test range from $15,000 to $25,000 (Rubin (2015)).  
Vertical closed-loop systems are relatively shallow wells (typically 500 feet deep or 
shallower) and can cost between $25 to $45 per LF of well to drill the well, install the U-
tube, and grout the borehole (Rubin (2015)).  Local geologic conditions and economics of 
drilling can have a very large influence on actual costs. 
Vertical open-loop systems require a hydrogeologic investigation prior to final design.  Key 
elements to be determined during a hydrogeologic investigation include: 
  
 
46 
• Depth to water; 
• Groundwater temperature; 
• Depth to bedrock; 
• Soil type of overburden and the location of any impermeable layers; 
• Water quality, particularly the presence of corrosive solutes; 
• Groundwater flow direction; 
• And, well flow testing. 
These elements may be determined by the installation of piezometers and subsequent 
groundwater testing.  Typically, the cost of vertical open-loop systems is slightly less than 
closed-loop systems. 
Standing column well systems typically do not require preliminary explorations provided 
that there is existing information indicating near surface bedrock and approximate 
groundwater temperature.  However, production drilling of standing column wells is 
significantly more expensive due to the required well depth (typically 1500 feet).  The cost 
of well drilling does not scale linearly with depth and the per linear foot cost of standing 
column wells can be 2 to 4 times more expensive than for vertical closed-loop systems.  
Typically, a rate of $100/linear foot of well may be assumed for estimation purposes (Rubin 
(2015)). 
3.3.8 HVAC Geothermal Conclusions 
Overall, geothermal HVAC applications are a sustainable and efficient way of providing 
all or a portion of a building’s heating and cooling demand.  However, there are some 
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challenges to implementation, in particular, the high up-front cost of installation.  A major 
challenge to the widespread implementation of geothermal systems is that the cost of site 
investigation required to evaluate the site-specific potential of geothermal systems is 
currently very expensive and often requires the installation of a full-scale geothermal well 
to estimate the bulk thermal conductivity of the earth at the site.  If a relationship between 
the relative permittivity and thermal conductivity of sandy soils is developed, GPR may be 
used to estimate the thermal properties of the earth and could be used as a tool for closed-
loop geothermal site evaluation. 
3.4 Relative Permittivity (Dielectric Constant)	
In order to properly contextualize the basis of ground penetrating radar (GPR) theory, it is 
first necessary to understand several basic principles of electromagnetic theory.  The 
following section provides an overview of electromagnetic theory, specifically as it applies 
to electromagnetic waves used in GPR devices.  The primary parameter of interest when 
considering the theory behind how GPR devices work is relative permittivity (also referred 
to as dielectric constant).   
3.4.1 Dielectric Theory 
A material is defined as being dielectric if it has the ability to store energy when an external 
electric field is applied.  As a practical matter, this can be used to predict the behavior of a 
parallel plate capacitor.  As shown in Figure 3.10 and mathematically expressed in equation 
3.14, when a DC voltage source is placed across a parallel plate capacitor, the capacitance 
can be expressed as a ratio of the area of the plates (A) and the spacing between them (t).   
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Figure 3.10: Parallel plate capacitor (DC voltage source) from Agilent (2014) 
Equation 0.14 
rW = 	4 0s    
where: 
Co = capacitance in a vacuum (without a dielectric material between the plates) 
A = area of plates       [m] 
t = distance between the plates     [m] 
 When a dielectric material is present between the parallel plates, the capacitance can be 
calculated using Equation 3.15. 
Equation 0.15 
r = 	rWtg   
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 where: 
 C = the capacitance with a dielectric material between the plates 
 εr = dielectric constant or relative permittivity 
Equation 3.15 could also be rearranged to define the real relative permittivity as follows: 
Equation 0.16 
 tg = 	r rWs    
Thus, under vacuum conditions, the permittivity would be 1 and is often denoted as ε0.  
Increasing the relative permittivity of the material between two parallel plates will thus 
increase the capacitance (i.e. more charge is stored).  It is important to note that relative 
permittivity is not the same as absolute permittivity, often denoted as ε.  The absolute 
permittivity is the product of the relative permittivity and the free space permittivity.  The 
absolute permittivity relates an electric field to the electric flux density as described in 
Equation 3.17.  
Equation 0.17 
 uv = 	tw 
 where: 
 Df = electric displacement (electric flux density)  [C/m2] 
 ε = absolute permittivity = ε0εr    [F/m] 
 E = electric field       [V/m] 
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This approach can be repeated for two parallel plates when an AC voltage source is placed 
across the capacitor as shown in Figure 3.11.  The system can be modeled as a capacitor 
(C) in parallel with conductance (G). 
 
Figure 3.11: Parallel plate capacitor (AC voltage source) from Agilent (2014) 
In this case, the resulting current will be made up of a charging current and a loss current 
that may be related to the relative permittivity.  In this case, the relative permittivity is 
expressed as a complex quantity where the real part represents storage and the imaginary 
part represents loss as shown in Equation 3.18. 
Equation 0.18 
 tg = 	 tgx − ytgxx 
 where: 
 εr’ = real relative permittivity (storage) 
 εr’’ = imaginary relative permittivity (loss) 
 i = imaginary unit where i2 = -1 
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Note that in Equation 3.15, no losses are present and thus the relatively is equivalent to the 
real relative permittivity.  The current can be simply expressed as shown in Equation 3.19. 
Equation 0.19 
 z = 	 zU + zi = {(r + |) 
 where: 
 I = current        [A] 
 Ic = charging current       [A] 
 Il = loss current       [A] 
 C = capacitance       [F] 
 G = conductance (1 / resistance)     [1/Ω] 
This could also be expressed in terms of the real and imaginary relative permittivity as seen 
in Equation 3.20 or in terms of relative permittivity (encompassing both the real and 
imaginary parts) as shown in Equation 3.21. 
Equation 0.20 
 z = {(y}rct′g + }rct′′g) 
 where: 
 ω = angular frequency = 2πf     [Hz] 
 f = frequency       [Hz] 
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Equation 0.21 
 z = {(y}rc)tg 
One implied connection of the previous equations is that the imaginary part of relative 
permittivity may be expressed in terms of conductance (and therefore also resistance) as 
shown in Equation 3.22. 
Equation 0.22 
 | = }rctgxx 
The relationship and the proportions of the real and imaginary parts of relative permittivity 
of a material have significant implications to the ability for an electromagnetic wave to 
pass through that material.  Often, materials are characterized as being dielectric or 
conductive based on the ratio of the imaginary part to the real part, also known as the 
dissipation factor, D, defined in Equation 3.23. 
Equation 0.23 
 u = ÄÅÅÄÅ  
Materials can be classified in accordance to their dissipation factor as shown in Table 3.2. 
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Table 3.2: Classification of materials based on complex permittivity 
D Electrical Current Conduction Electromagnetic Field Propagation 
0  Perfect dielectric (lossless 
medium) 
≪1 Low-conductivity material poor conductor 
Low-loss medium 
good dielectric 
≈ 1 Lossy conducting material Lossy propagation medium 
≫ 1 High-conductivity material good conductor 
High-loss medium 
poor dielectric 
∞ Perfect conductor  
 
Examples of nearly lossless dielectrics include vacuum, most plastics, and glass.  Perfect 
conductors do not exist naturally, but examples of good conductors include most metals.   
In addition, it should be noted that the conduction of saturated clay particles is several 
magnitudes greater than that of saturated sands.   
3.4.2 Electromagnetic Wave Propagation 
Electric fields and magnetic fields appear together in the time-varying case (ie sinusoid or 
practically radio waves).  An electromagnetic wave travels through a vacuum at the speed 
of light, c (c = 3 x 108 m/s).  However, when an electromagnetic wave travels through a 
material it will travel at a slower speed.  In addition, other properties of the electromagnetic 
wave will change when the wave transitions from free space to the material.  Many of these 
changes are dependent on the real relative permittivity of the material.   
The wavelength, λ0, in free space is inversely proportional to its frequency as defined in 
Equation 3.34. 
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  Equation 0.24 
 Çc = É/V 
 where: 
 λ0 = wavelength in free space      [m] 
When an electromagnetic wave traveling in free space enters a material, the wavelength 
will shorten and the wave velocity will slow down as defined by Equations 3.25 and 3.26. 
Equation 0.25 
 ÇX = Çc/Ötgx  
 where: 
 λm = wavelength of an electromagnetic wave in a material  [m] 
Equation 0.26 
 Ü = É/Ötgx  
 where: 
 v = wave velocity of an electromagnetic wave in a material  [m/s] 
Note that in both cases as the real relative permittivity approaches the permittivity of a 
vacuum (1.0), the wavelength and wave velocity also approach the parameters of a vacuum.  
In addition, the greater the real relative permittivity, the slower the wave velocity and the 
shorter the wavelength.  In addition to changes in wavelength and wave velocity, there will 
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also be a change in impedance when the electromagnetic wave enters the material as 
described in Equation 3.27. 
Equation 0.27 
 á = ác/Ötgx  
 where: 
 Z = impedance of an electromagnetic wave in a material  [Ω] 
 Z0 = impedance of a vacuum (120π)     [Ω] 
The difference in impedance between the vacuum and material will result in a reflected 
wave.  Thurs, only some of the initial energy of the electromagnetic wave will penetrate 
into the material.   The reflected wave will have the same wavelength and velocity as the 
initial wave but a smaller amplitude.  The amplitude of the reflected wave can be calculated 
based on the impedance of the air and the material as shown in Equation 3.28. 
Equation 0.28 
 Γ = âlâäâãâä 
 where: 
 Γ = reflection coefficient  
3.4.3 Laboratory Testing of Relative Permittivity 
As illustrated by the previous sections, the relative permittivity parameter is important to 
quantify to predict the behavior of electromagnetic waves.  There are essentially two 
general methods that can be employed to determine the relative permittivity of a material.  
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The first is to apply two electrodes to a sample (similar to Figures 3.10 and 3.11) and apply 
a voltage across them and measure the capacitance of the material.  The second is to apply 
an electromagnetic wave to the material with a coaxial cable and measure the reflected 
wave.  The following section will describe the methodology for these two methods and the 
advantages and disadvantages of each. 
Klein and Santamarina (1997) tested three soils using two different electrode methods and 
a coaxial cable method and compared the results.  The first electrode system tested was a 
two-terminal system shown in Figure 3.12. 
 
Figure 3.12: Two-terminal electrode system from Klein and Santamarina (1997) 
In this method, the electrical properties of the specimen are evaluated by measuring the 
electric field between the high-potential, Hp, and low-potential, Lp, electrodes and the 
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applied current across the high-current, Hc, and low-current, Lc, electrodes.  The properties 
are calculated by computing the resultant transfer function.   Klein and Santamarina (1997) 
used a plexiglass cylinder with a diameter of 8.89 cm to contain the specimen and two 
electrodes (of same diameter as the cylinder).  O-rings were used to hold the electrodes and 
fluid filled specimen in place.  An HP-4192A impedance analyzer was used to connect the 
electrodes to the four terminals: Hp, Hc, Lp, and Lc (see Figure 3.12 for terminal lead 
configuration).  The impedance analyzer is capable of measuring two independent 
impedance parameters.  Based on the dielectric theory previously discussed, the real and 
imaginary relative permittivity can be calculated as: 
Equation 0.29 
 tgx = zXåXç (}tc4)⁄  
 where: 
 Im = measured current       [A] 
 Ym = admittance, inverse of impedance of the material (1/Z) [S] 
 L = material thickness between the electrodes   [m] 
 A = area of specimen       [m2] 
Equation 0.30 
 tgxx + èêä = ëfåXç (}tc4)⁄  
 where: 
 Re = electrode resistance      [Ω] 
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Klein and Santamarina (1997) noted that the most significant source of error for the two-
terminal electrode method is electrode polarization.  Electrode polarization occurs due to 
impedance differences where the electrodes contact the specimen, which is the result of 
charge accumulation at the electrode-specimen interface.  Ionic conduction within the 
specimen material is incompatible with electron conduction in the peripheral electronic 
circuitry (electrodes, cables, and measurement system), causing an ionic diffuse layer to 
build at the electrode.  Oxidation-reduction reactions at the electrode-material interface and 
ionic diffusion within the diffuse layer reduce this interfacial accumulation of charges.  
Ward (1992) suggested that if the oxidation-reduction reactions and ionic diffusion do not 
occur, then the capacitive impedance at the soil-electrode interface decreases with 
increasing frequency.  He also stated that the oxidation-reduction reaction impedance may 
be represented as the reaction resistance and the ionic diffusion impedance decreases with 
the square root of frequency.   
ASTM D150 states that materials used for electrodes may include rigid metals (e.g. 
copper), metal foil, conducting paints, fired on silver, sprayed metal, evaporated metal and 
plasmas, sputtered electrodes, liquid metal, water and reversible electrode systems.  The 
preferred electrode materials are stable metals (e.g. gold and platinum) because they 
eliminate electrochemical oxidation-reduction reaction effects.  It should be noted that the 
use of non-reactive or “blocking” electrodes magnifies other electrode polarization effects.  
Methods to reduce electrode polarization effects have been suggested by many authors but 
will not be summarized herein.   
ASTM D150 notes that other errors, such as fringe/edge capacitance (due to the non-
uniform electric field near the edge of a capacitor and around the specimen) and surface 
conduction effects can be mitigated by reducing the ratio of specimen thickness to 
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specimen diameter.  In addition, these errors can be controlled through the use of a guard 
electrode.   
One method that Klein and Santamarina (1997) claim could reduce polarization effects 
would be to use a four-terminal electrode system as shown in Figure 3.13. 
 
Figure 3.13: Four-terminal electrode system from Klein and Santamarina (1997) 
The methodology for the four-terminal method assumes that the current is the same 
everywhere in the system due to continuity.  The current is therefore measured across a 
resistor in series with the specimen and electrodes.  The potential is measured within the 
specimen away from the electrode-specimen interface.  Olhoeft (1981) suggested that the 
electrochemical processes occurring at the potential electrodes may be minimized through 
the use of high-input impedance amplifiers that reduce the current through the electrodes 
to a level below the threshold to initiate faradaic charge transfer processes.  Klein and 
Satanmarina (1997) note that another advantage of the four-terminal method is that 
measurements are typically conducted in frequency sweep mode.  This allows for 
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measurements to be acquired simultaneously for all frequencies, which avoids biases due 
to thermal drift. 
A similar experimental setup was used for the four-terminal system as for the two-terminal 
system.  The mold, external electrodes, o-rings, and impedance analyzer were all the same 
for both methods.  The electrodes to measure voltage drop within the specimen were 
installed at 1/3 and 2/3 of the specimen height.  A 1 kΩ resistor in series with the specimen 
was used to measure a voltage drop to calculate current.  The calibration and data reduction 
for the four-terminal system is somewhat more complex than for the two-terminal system.  
For a complete description of data reduction, the reader is directed to Klein and 
Santamarina (1997).  The final equations for relative permittivity using the four-terminal 
method are shown in Equations 3.31 through 3.33. 
Equation 0.31 
 tgx = í(êäì) [−, sin ïX (ë ∙ 10(ñóò)ôöä )]s  
Equation 0.32 
 tgxx + èêä = í(êäì) [, cos ïX (ë ∙ 10(ñóò)ôöä )]s  
Equation 0.33 
 T = âôâ = úôãùûôúüãùûü  
where: 
 L = length between potential measuring electrodes   [Ω] 
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 A = area of specimen       [m2] 
 T = transfer function of the amplification-measurement system 
 θm = measured phase angle 
 R = resistance of known resistor in series with the specimen [kΩ] 
 (B-A)m = measured gain/loss between channels B and A  [dB] 
 Zm = measured impedance      [Ω] 
 Z = true impedance       [Ω] 
 Rm = measured resistance      [Ω] 
 Xm = measured reactance      [Ω] 
 Rc = resistance of calibration circuit     [Ω] 
 Xc = reactance of calibration circuit     [Ω] 
The minimum frequency at which relative permittivity measurements can be evaluated is 
a function primarily of specimen size for the two-terminal method and accuracy of the 
phase angle measurement for the four-terminal method.  Klein and Santamarina (1997) 
found that when the same equipment was used, the minimum frequency limit was lower 
for the four-terminal system.  At the high end of the frequency spectrum (MHz) the two 
electrode systems are affected by the inductance of the peripherals, particularly for low 
conductive specimens. While useful for measuring electrical properties of soils for 
frequencies less than 10 MHz, they are not useful for measuring in the frequency domain 
typically used for GPR surveys (50 to 500 MHz). 
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The last method used by Klein and Santamarina (1997) was a coaxial termination probe, 
also reffered to as an open-ended coaxial probe.  The experimental setup used by Klein and 
Santamarina (1997) is shown in Figure 3.14.  These probes typically have an operating 
frequency from 10 MHz to over 1 GHz (Agilent (2014)).  Chew et al. (1991) used 
waveguides and coaxial transmission lines with two ports to determine the complex 
transmission coefficient.  If the transmission and reflection coefficeints are determined, 
both the relative permittivity and electrical permeability of the material can be computed.  
Agilent (2014) describes the open-ended coaxial probe as a cut off transmission line that 
may be immersed in a liquid or touched to the surface of a solid or powder.  The electric 
and magnetic fields at the end of the probe (the cut off section of the transmission line) 
extend from the probe into the material being tested and change as they come into contact 
with the material (this is illustrated in Figure 3.15).  The reflected signal can be measured 
and used to calculate relative permittivity.   
 
Figure 3.14: Open-ended coaxial system from Klein and Santamarina (1997) 
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Figure 3.15: Illustration of fields entering tested material from Agilent (2014) 
Measurements using the open-ended coaxial probes are made with the aid of a network 
analyzer or impedance analyzer.  Software produced by the probe manufacturer is used to 
convert the measured signals into electrical properties.   Calibration of the probe is typically 
done by measuring the open circuit (air), short circuit (a metallic block), and deionized 
water.   
The open-ended coaxial cable will be used as the testing method for relative permittivity 
for small specimens because of its ease of use and it is capable of matching the typical 
operating frequencies of GPR surveys (50 – 500 MHz).    
3.4.4 Relative Permittivity Predictive Models for Soils 
There have been efforts to identify soil properties that most influence the effective or bulk 
relative permittivity of soils (similar to what has been done to identify properties that 
influence the thermal conductivity).  However, in the case of relative permittivity the 
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previous works are not as robust as those done to identify the properties that influence bulk 
thermal conductivity.   
Previously, Noborio (2001) summarized many sources that conclude that the relative 
permittivity of soils measured by time domain reflectometry (the propagation of 
electromagnetic waves) can be used to measure water content.  Rhebergen et al. (2003) 
concluded that increasing water content increases relative permittivity. In addition, the 
American Society for Testing and Materials (ASTM) has produced a standard for the 
determination of density and water content of soil based on the relative permittivity of soil 
(ASTM D6780/D6780M Standard Test Method for Water Content and Density of Soil In 
situ by Time Domain Reflectometry (TDR)).   
Recently, Revil (2012) summarized recent work relating to the relative permittivity of 
unsaturated soils.  Rivel (2012) noted that the frequency may affect relative permittivity 
measurements in the low frequency domain (around 10 kHz) but would not be a factor in 
the high frequency domain.  In the high frequency domain (typically greater than 10 MHz) 
a volume averaging approach can be used to derive the high frequency dielectric constant, 
which Revil describes as: 
Equation 0.34 
 t′ = 	 M† [nh`t` + (1 − nh`)t_ + ([ − 1)tZ]  
where: 
 ε' = high frequency domain relative permittivity 
 εw = relative permittivity of water (typically 80) 
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 εa = relative permittivity of water (typically 1) 
 εs = relative permittivity of solid particles  
 F = formation factor = φ-m 
 φ = porosity 
 m = cementation exponent (1.6 to 1.9 for clean sands and sandstones from Rivel et al  
1998) 
 Sw = saturation 
 n = second Archie exponent (typically around 2.0) 
Rivel (2012) used this model to illustrate the effects of water saturation and porosity on the 
relative permittivity by comparing the measured results to the modeled results on two 
sandstones.  The effects of water saturation, Sw, are shown in Figure 3.16 and the effects 
of porosity are shown on Figure 3.17. 
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Figure 3.16: Saturation dependence of the effective permittivity (from Revil 2012) 
 
 
Figure 3.17: Influence of porosity on effective permittivity (from Rivel 2012) 
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Figure 3.17: Influence of porosity on effective permittivity (from Rivel 2012) 
 
3.5. Ground!Penetrating!Radar!
Ground penetrating radar (GPR) is a non-intrusive geophysical method that uses radio wave 
pulses to produce images of the subsurface.  Similar to conventional radar systems, a signal 
antenna produces a radio wave pulse that will bounce off buried objects or geologic changes in 
soil that have different relative permittivity values.  This section summarizes the history and uses 
of GPR as well as the principles that govern effective GPR operation. 
3.5.1. A!Brief!History!of!GPR!and!Applications!
The history of GPR dates back to the 1950s. Since that time, a wide number of applications have 
been developed for the technology.  Yelf (2006) sites that GPR tools can be used in many fields 
including: 
• Geology – Soil and bedrock layer investigation; 
• Archeology – Detection of artifacts, building foundations, and graves; 
• Environmental Remediation – Detection of contaminant plumes; 
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3.5 Ground Penetrating Radar 
Ground penetrating radar (GPR) is a non-intrusive geophysical method that uses radio 
wave pulses to produce images of the subsurface.  Similar to conventional radar systems, 
a signal antenna produces a radio wave pulse that will bounce off buried objects or geologic 
changes in soil that have different relative permittivity values.  This section summarizes 
the history and uses of GPR as well as the principles that govern effective GPR operation. 
3.5.1 A Brief History of GPR and Applications 
The history of GPR dates back to the 1950s. Since that time, a wide number of applications 
have been developed for the technology.  Yelf (2006) sites that GPR tools can be used in 
many fields including: 
• Geology – Soil and bedrock layer investigation; 
• Archeology – Detection of artifacts, building foundations, and graves; 
• Environmental Remediation – Detection of contaminant plumes; 
• Construction – Detection of subsurface utilities and obstructions; and, 
• Engineering – Non-destructive testing of structures and pavements. 
El Said (1956) was the first reported attempt at measuring subsurface features with radio 
wave signals.  El Said attempted to use the interference between direct air transmitted 
signals and signals reflected from the water table to image the water table depth.   The first 
time that repeatable indicator of penetration into the subsurface through a naturally 
occurring material were reported was by Waite and Schmidt (1961) who reported altimeter 
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errors when attempting to land on the Greenland Ice Sheet.  This sparked the beginning of 
a decade of geophysical research focused on radio sounding in ice by groups such as The 
Scott Polar Research Institute and the Geophysical Polar Research Center at the University 
of Wisconsin (Annan (2003)).  Annan (2003) notes that the early 1970s was a particularly 
important time period as research expanded from radio soundings in ice to geologic 
materials.  Cook (1973) explored the use of radio soundings in coal mines and Holser et al 
(1972) and Thierbach (1973) did similar work on subsurface salt deposits.  In addition, it 
is during this period that the first companies manufacturing and selling GPR equipment 
began to emerge.  Many of these companies such as MALA and GSSI continue to produce 
equipment today.  
After the first companies popped up selling commercial GPR equipment, the uses of GPR 
began to expand.  Vickers and Dolphin (1975) was one of the first attempts to use the 
technology in archeology to image man-made subsurface features.  Over the next decade, 
the potential applications for GPR equipment continued to expand.  These include work by 
Ulriksen (1982) on road investigations and utility mapping and Benson et al (1984) on the 
use of mapping subsurface waste and contamination.   Annan (2003) notes that during the 
1980s the reality that GPR is favorable in many environments became more apparent.  In 
addition, during this period, there was considerable confusion as to whether poor data was 
a result of the ground conditions or equipment failures.  It was not until the early 1990s 
with the movement toward lower frequency measurement and full digital recording in 
commercial equipment that GPR was able to shift from academic and hobby use to wide 
spread industry use.  In addition, while industry use was expanding, the computer 
revolution of the 1990s allowed for practical 3D visualization and modeling (Grasmueck 
(1996) and Annan et al (1997)). 
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In the last 20 years, the development of GPR equipment has been closely tied to advances 
in computing.  Once digital data storage issues waned in the late 1990s, it allowed for more 
information to be stored in the field and processed in the office.  The more widespread use 
of laptops in the early 2000s allowed for stick and man type systems (see Figure 3.18) to 
be replaced by portable cart type systems (see Figure 3.19).  The latest, most sophisticated 
systems can now be pulled by an ATV system that greatly increases coverage areas. 
 
Figure 3.18: Simple unshielded antenna pair moved manually 
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Figure 3.19: Typical example of a pushed GPR system (Mala (2014)) 
3.5.2 Electromagnetic Wave Propagation 
This section provides a brief overview of electromagnetic wave propagation basic concepts 
as they apply to GPR equipment.  For a more extensive review, the reader is directed to 
Annan (2003).  In addition, a significant amount of electromagnetic theory was covered in 
Section 3.4 that will not be duplicated within this section.   
As described in Section 3.4.2, electric fields and magnetic fields appear together in the 
time-varying case (ie sinusoid or practically radio waves).  These electromagnetic fields, 
when propagating as waves, may be characterized by wave fronts or by ray paths.  As 
shown in Figure 3.20, wave fronts are the spatial surface on which the signals are all in 
phase and ray paths run from the source perpendicularly through the wave fronts.  Both 
can be useful for visualizing electromagnetic waves.   
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Figure 3.20: Idealized diagram of wave fronts and rays (from Annan (2003)) 
As discussed in Section 3.4, the key electromagnetic wave field properties are phase 
velocity, v, attenuation, α, and electromagnetic impedance Z.  It is important to recognize 
that a material with constant permittivity, electrical permeability, and electrical 
conductivity, will not exhibit constant electromagnetic wave field properties at all 
frequencies.  At low frequencies, the electromagnetic fields diffuse into the material, which 
prevents accurate measurements with traditional GPR equipment.  At low frequencies, 
phase velocity, attenuation, and impedance can be computed using Equations 3.35 through 
3.37. 
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Equation 0.35 
 Ü = °=ê¢è  
Equation 0.36 
 £ = °ê¢è=  
Equation 0.37 
 á = (1 + y)°ê¢=è  
where: 
 v = velocity 
 ω = angular frequency 
 μ = electrical permeability 
 σ = electrical conductivity 
At higher frequencies, the electromagnetic fields propagate as waves through the material 
and become frequency independent.  At this point, Equations 3.26 and 3.27 can be used to 
express velocity and impedance in terms of relative permittivity.  Equation 3.38 may be 
used to express attenuation in terms of relative permittivity.   
Equation 0.38 
£ = ác §tgx  
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The transition in electromagnetic field propagation behavior from dispersion to wave 
occurs at a transitional frequency that can be defined as shown in Equation 3.39. 
Equation 0.39 
V& = §2Et 
This behavior change based on frequency can be graphically represented as shown in 
Figure 3.21. 
 
Figure 3.21: Idealized velocity and attenuation behavior based on frequency (from Annan 
(2003)) 
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It is important to recognize that when sampling with GPR equipment, the testing frequency 
must fall in the plateau region in order to collect useful data.  This is especially true because 
the electromagnetic wave interacts with the subsurface in a three-dimensional manor, but 
data (time response of the reflected waves) is measured in one dimension.  Thus, if the 
testing frequency is too low (off the plateau), there’s no explicit way to distinguish that the 
data would be erroneous.  Fortunately, the transition frequency for most soils is typically 
far below the testing frequency used for a typical GPR survey (Annan (2003)).   
Two of the most common applications of a GPR survey are to identify changes in geologic 
strata or identify subsurface objects.  In both cases, to be detectable, the change in geologic 
strata or subsurface object must also represent a change in electrical properties.   
Snell’s law expresses how wave fronts change direction as the fields move from one 
material to another when velocity of the wave front is not constant between the materials.  
As illustrated in Figure 3.22, when the wave front crosses the interface between two 
materials of different electrical properties (i.e. the velocity of the wave front will change 
from material 1 to material 2) the direction of the propagation vector must change.  
Mathematically, Snell’s law requires that the horizontal component of the propagation 
vector in each material be equal. When materials are low loss, Snell’s law takes the form 
shown in Equation 3.40.      
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 Figure 3.22: Illustration of Snell’s law (from Annan (2003)) 
Equation 0.40 
sin ïMÜM = sin ï=Ü=  
 where: 
 v1 = velocity through material 1 
 v2 = velocity through material 2 
 θ1 = propagation vector angle through material 1 
 θ2 = propagation vector angle through material 2 
Of critical importance for GPR interpretation is the role of the critical angle.  If v2 < v1 at 
a simple interface, there are a range of angles that cannot be illuminated from the medium 
as shown in Figure  3.23. 
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Figure 3.23: Illustration of critical angle when v2 < v1  (from Annan (2003)) 
For this case, the critical angle may be computed as shown in Equation 3.41. 
Equation 0.41 
sin ïU = Ü=ÜM 
 where: 
 θc = critical propagation vector angle 
As previously discussed, when an incident electromagnetic wave reaches an interface 
between two materials of differing impedance, a transmission wave will continue into the 
second material and a reflection wave will reflect off of the interface as shown in Figure 
2.24. 
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Figure 3.24: Illustration of incident, transmission, and reflection electromagnetic waves  
(from Annan (2003)) 
 
Often when this is mathematically expressed, the electric field and magnetic fields are 
separated to account for differences in the behavior of each field.  This decomposition will 
not be shown herein, however, it is important to note the following two boundary 
conditions.  First, Snell’s law must be satisfied.  Second, the electric and magnetic fields 
in the plane of the interface must be the same on either side of the boundary and the electric 
current and magnetic flux density crossing the boundary must be the same on either side.   
Typically, a GPR devise will consist of two antennas separated by a fixed distance.  One 
antenna will transmit signals while the other will receive signals.  There are several possible 
travel routes that the electromagnetic wave could travel.  These potential ray paths are 
shown in Figure 3.25. 
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Figure 3.25: Potential ray paths from a transmitting antenna to a receiving antenna  (from 
Annan (2003)) 
 
Due to the nature of the one-dimensional recording of three-dimensional processes, some 
or all of the potential ray paths may be recorded in a single GPR sounding.  Note that one 
cannot distinguish ray path d from ray path e.  In most cases, ray paths a, b, and c are most 
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important for interpretation.  These ray paths can be graphically depicted as shown in 
Figure 3.26. 
 
Figure 3.26: Potential ray paths in a two layer system  (from Annan (2003)) 
An important aspect that must be considered when collecting GPR data is that both the 
resolution of collected data and the maximum depth of penetration are related to the 
frequency of the incident signal.  Smith and Jor (1995) suggest that in ideal (low-loss) 
conditions, the maximum depth that a signal can reach and be measured upon return is 
linearly proportional to the source frequency.  Figure 3.27 presents data Smith and Jor 
(1995) collected in ideal conditions.  As frequency increases, the maximum depth of testing 
decreases. 
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Figure 3.27: Maximum depth of penetration (from Smith and Jor (1995)) 
 
Annan (2003) suggests that most commercially available equipment can provide a 
resolution equivalent to about 1/100th of the maximum depth explored.  This is 
mathematically expressed in Equation 3.42. 
Equation 0.42 
Δ> = 3X_¶100  
 where: 
 Δr = resolution      [m] 
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 dmax = maximum depth of exploration  [m] 
Unfortunately, there is a trade off when selecting an antenna frequency as to whether depth 
or resolution is more important.   
3.5.3 GPR Data Collection 
GPR sampling equipment typically consists of two antennas (one for signal and one for 
recording) that are spaced at a fixed distance (dependent on the antenna frequency of the 
survey).  The antennas are connected to a power source (such as external batteries) and 
data acquisition system that is controlled by a tablet or laptop.  Readings are digitally 
recorded to the tablet or laptop and depending on the software used, a real-time visual 
representation of conditions encountered may be visible on the screen.   
GPR surveys are typically conducted by collecting a series of data traces along a straight 
path.  The length of the path may range from several meters to many hundreds of meters. 
Each trace will contain a series of signal response times that represent the reflections 
recorded at that specific location.  The user of the equipment must select a spacing interval 
that is appropriate to record the required level of detail while also accommodating 
budgetary and time constraints.  Generally, for geologic surveying a spacing of 25 cm is 
used, however, this is a rule of thumb that may be increased or decreased depending on the 
resolution required.  The traces may be recorded manually by picking up the antennas and 
placing them at the correct interval before each reading or by pushing a cart that triggers 
automatic readings based on the rate that the cart is pushed.   
At each recording interval a trace of data is recorded that includes the amplitude of the 
return signal versus time as shown in Figure 3.28. 
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Figure 3.28: Typical example of a trace of data showing amplitude vs time  (from Annan 
(2003)) 
Each collected trace is then rotated 90 degrees and stacked together to provide a visual 
representation of two-way travel time as illustrated by the idealized model shown in Figure 
3.29.   
 
Figure 3.29: Illustration of synthetic radiogram based on model data  (from Annan (2003)) 
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Two very important aspects to be mindful of are that although time is often depicted on the 
vertical axis, it is not analogous with depth and that the direction of the ray path in real 
space is not vertical.  These aspects are not necessarily intuitive when viewing GPR data 
but are important to be mindful of when processing and interpreting data.  In addition, real 
data, as shown in Figure 3.30, will require the judgment of the interpreter to identify key 
features. 
 
Figure 3.30: Example of real GPR data collected by the author at the University of 
Massachusetts Agronomy Farm (unpublished) 
3.5.4 GPR Data Processing and Interpretation 
As discussed in the preceding section, one of the main challenges in GPR data processing 
and interpretation is that the propagation of the incident electromagnetic wave and it’s 
reflections occurs in three-dimensions, however, the actual data recorded are the one-
dimensional time record at the receiving antenna.  Translating the one-dimensional 
recorded time data back into two-dimensional data is somewhat tricky.  There are three 
basic data processing techniques typically done in the following sequence; dewow, time 
gain, and filtering. 
 Page 4 11/24/14!
!
Table'1'Summary'of'data'processing'
Data'Processing'
Step' Survey'1' Survey'2' Survey'3'DC!Removal! 400!to!1016!ns! 200!to!1016!ns! 350!to!1016!ns!Time!Zero!Adjustment! 28!ns! 30!ns! 30!ns!Vertical!Crop! 0!to!300!ns! 0!to!350!ns! 0!to!300!ns!Trace!Equalization! 0!to!300!ns! 0!to!350!ns! 0!to!300!ns!AGC! Trailing!150!ns! Trailing!25!ns! Trailing!150!!!The!processed!data!profiles!for!Survey!1,!2,!and!3!are!shown!in!Figures'3,'4,'and'5,!respectively.!!
!
Figure'3'Survey'1'Processed'Data'Profile''
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“De-wowing” or dewow refers to the removal of very low frequency data.  Annan (2003) 
states that very low frequency components recorded are associated with either inductive 
phenomena or possible instrumentation dynamic range limitations.  The practical 
implication of this is that until the data is dewowed it is impossible to visualize the data 
because the very low frequency data is noise that blocks out all other data recorded.  Gerlitz 
et al (1993) notes that this was originally accomplished at the point of collection using 
analog filters but with the predominance of digital acquisition, it is now the first step of 
data processing.     
The second step of basic data processing is time gain.  As the incident wave travels into 
the ground, attenuation reduces the amplitude of the recorded incidents. Figure 3.31 
illustrates this principle.  Even though the layers are equally spaced, the return amplitudes 
become progressively shorter as the two-way travel time increases.   
 
Figure 3.31: Illustration of incident and reflection ray paths and typical amplitude 
reduction of those ray paths  (from Annan (2003)) 
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To counteract this, a time gain can be applied that amplifies the signal increasingly with 
increasing time, as shown in Figure 3.32. 
 
Figure 3.32: Simple time gain applied to a hypothetical data set  (from Annan (2003)) 
 
The amount of actual attenuation that will occur for a given distance of ray path is site 
specific to the soils present.  As such, it isn’t possible to apply a blanket time gain that will 
be appropriate in all cases.  To a certain extent, each set of data collected requires a unique 
time gain be developed and implemented.  Generally, there are two typical approaches to 
applying a time gain.  The first is a spherical and exponential compensation (SEC) gain 
that attempts to emulate the variation of signal amplitude as it propagates into the ground.  
In this case, the signal amplification is the same for all traces, based on a set algorithm that 
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varies the amplification with increasing depth.  One drawback of this method is that it 
assumes a horizontal homogeneity since the same algorithm is applied to all data sets 
regardless if the trace was recorded at a station 1m or 100m from the start of the line.  An 
alternative approach would be to use an automatic gain control (AGC) that is continuously 
adaptive based on the recorded signals.  In this case each trace has a gain applied to it that 
is based on the average signal of a specified time window.   
The last basic data processing technique is filtering.  Generally, dewowing the data and 
applying a time gain have the largest effects on the data, but filtering can be a useful tool 
for highlighting certain aspects.  This is typically accomplished by applying a fast Fourier 
transform (FFT) bandpass filter to the data that cuts either high or low frequencies to 
emphasize the desired feature of the produced image.  An example of filtering taken from 
Annan (2003) is shown in Figure 3.33.  In the figure, the first image (a) shows the data 
without an applied filter.  The low pass filter in the second image (b) emphasizes flat 
reflectors while the third image (c) has a high pass filter that retains dipping features while 
minimizing the effect of flat reflectors.  Both can be useful depending on whether the user 
is more interested in flat features such as geologic bedding planes or dipping features that 
could be caused by subsurface obstructions.    
  
 
87 
 
Figure 3.33: Example of bandpass filtering effects (from Annan (2003) 
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CHAPTER 4 
 
SOIL THERMAL CONDUCTIVITY ESTIMATED USING AN 
ANALYTICAL APPROACH1 
 
4.1 Abstract 
Estimation of soil thermal conductivity is important for many practical geotechnical and 
civil engineering applications including the thermal performance of buried pipelines and 
geothermal heat pumps. A significant number of empirical-fit methods to estimate the 
thermal conductivity of sands exist in the existing literature. This paper provides an 
analytical approach to estimating the thermal conductivity of soils. The analytical model 
was developed and validated using existing databases of thermal conductivity.  The new 
model was then compared to select existing models using a new database of thermal 
conductivity measurements conducted on a wide range of soils. 
4.2 Introduction 
Thermal conductivity is an important soil property for a number of applications such as 
building insulation, geothermal HVAC applications, ground freezing, seabed pipelines 
carrying hot oil or gas and buried electric cables.  Unfortunately, estimation of the thermal 
conductivity of soils remains challenging.  There is a history of empirically derived 
correlations for thermal conductivity dating back to the late 1940s.  Kersten (1949) 
proposed thermal conductivity correlations based on the soil dry density and water content 
for silt-clay and sandy soil mixtures. De Vries (1952) proposed a correlation for course 
grained soils between 10% and 20% saturation. Gemant (1952) proposed a method for 
estimating thermal conductivity based on the water content, thermal conductivity of the  
1 This paper has been submitted for publication in ASCE Journal of Geotechnical and 
Geoenvironmental Engineering 
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solids, and thermal conductivity of water. Van Rooyen and Winterkorn (1957) investigated 
the relationship between thermal conductivity of sands and gravels with saturation between 
1.5% and 10%. Johansen (1975) created a predictive method for soils at any saturation 
between 20% and 100% if the conductivity was known at the fully saturated and dry states.   
More recently, similar work has been done by researchers such as Côté & Konrad (2005), 
Lu et. al (2007), Chen (2008), Tarnawski et. al. (2014) and Lu and Dong (2015).  In 
addition to recent empirical models, there have also been some attempts at analytically 
based approaches.  Haigh (2012) proposed an analytical approach based on the micro-
structure of soil.  The Haigh (2012) approach presented a theoretical analysis based on 
thermal conduction through a simple soil element containing a soil particle, water and air.  
Validation of the model was done with data collected previously by others.   In particular, 
the development was heavily reliant on the dataset produced by Chen (2008).   
The Haigh (2012) approach represents an alternative perspective from the empirical models 
and while compelling in some ways, does have some shortcomings that could be improved 
upon.  First, simple 1D heat flow is assumed for the model, which is overly simplistic. 
Second, after a significant amount of effort to establish an analytical model, the translation 
from 2D to 3D was done by applying a simple empirical factor established using the Chen 
(2008) dataset.  The analytical method described herein seeks to address these two 
shortcomings to produce a method for estimating the thermal conductivity of soils that 
compares favorably to recently proposed models. 
4.3 Selected Models 
In addition to the Haigh (2012) model, several other recent models were selected for 
comparison to the new analytical model.  These included the models presented in Côté & 
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Konrad (2005), Chen (2008), and Tarnawski et. al. (2014).  The methodologies are 
described in brief in this section.  For a complete description, please reference the full text. 
4.3.1 Côté & Konrad (2005) Model 
The Côté & Konrad (2005) model modified the Johansen (1977) empirical model. The 
Johansen (1977) model included a logarithmic function of saturation ratio. As a result, at 
low saturation ratios, the results were distorted.  The Côté & Konrad (2005) model 
eliminated this logarithmic dependence and proposed the following model:       
Equation 4.1 
 * = (*h`*ZMlh − ß10l®©) ™ _5ÄMã(_lM)5Ä´ + ß10l®©					    
Where kw is the thermal conductivity of water, ks is the thermal conductivity of solid 
particles, n is porosity, and Sr is the saturation ratio.  c and h are empirical parameters for 
particle shape and a is an empirical parameter for soil texture. Côté & Konrad (2005) 
suggest values for these parameters as follows: 
Table 4.1:  Côté & Konrad (2005) c and h empirical parameters 
Soil Type c h 
Crushed rocks and gravel 1.70 1.80 
Natural Mineral Soils 0.75 1.20 
Organic Fibrous Soils (Peat) 0.30 0.87 
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Table 4.2:  Côté & Konrad (2005) a empirical parameter 
Soil Type a (unfrozen) 
Gravels and Course Sands 4.60 
Medium and Fine Sands 3.55 
Silty and Clayey Soils 1.90 
Organic and Fibrous Soils 
(Peat) 
0.60 
 
4.3.2 Chen (2008) 
Chen (2008) provided a useful database of needle probe thermal conductivity 
measurements on 4 different high quartz-content (99%+) soils, each tested at four void 
ratios and five saturation conditions.  This database consists of 80 total measurements and 
has been used by a number of researchers to validate proposed models.  An empirical model 
was proposed by Chen (2008) as follows: 
Equation 4.2 
 * = *h`*ZMlh[(1 − 0.0022)ng + 0.0022]c.pqh     
This model is similar to the model presented by Côté & Konrad (2005) but doesn’t take 
particle shape effects or soil texture into account. 
4.3.3 Tarnawski et. al. (2014) 
Tarnawski et. al. (2014) utilized a large database of thermal conductivity measurements 
made on 40 Canadian soils to develop a series-parallel model for unsaturated soils.  In all, 
the database includes 240 thermal conductivity measurements.  Two geometric 
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schematics were assumed for the series-parallel modeling approach shown in Figure 4.1.  
Tarnawski et. al. (2014) reported that the approach with air and water in parallel in the 
third potential flow path performed best overall, but that the approach with air and water 
in series in the third potential flow path performed best for fine textured soils at low 
saturation conditions.   
 
Figure 4.1: Schematic representation of series-parallel model with parallel air-water (left) 
and series air-water (right) paths 
 
Both schematics assume three pathways for heat flow that include, soil particle only, soil-
air-water, and air-water.  The two approaches are presented in Equations 4.3 and 4.4.   
Equation 4.3  
¨≠l∥l∥ = Ø∞±∞≤ + (≥ − ¥ − ±∞≤ + ¥µ∂)∑≥ − ¥ − ±∞≤Ø∞ + ¥µ∂Øµ ∏π∫ª≥ − ≠ºlΩæ + Øø¿≥ − ∏π∫ª≥ − ≠ºlΩæ¡ 
+*`¿¬ng − ¬`X expª1 − nglûæ¡  
+*_¿¬ − ¬`X − ª¬ng − ¬`Xexp	(1 − nglû)æ¡  
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Equation 4.4  
Ç5l∥l5 = *ZΘZe + (1 − ¬ − ΘZe + ¬`X)=1 − ¬ − ΘZe*Z + ¬`X*` expª1 − nglûæ + *_¿1 − expª1 − nglûæ¡ 
+ (¬ − ¬`X)=¬ng − ¬`X	«»…	(Ml5Äó )*` + ¬(1 − ng) − ¬`X¿1 − exp	(1 − nglû¡*_  
Where ka is the thermal conductivity of air.  Qsb and nwm are structural characteristics and 
X is the miniscule pore water retention factor that can be estimated using Equations 4.5, 
4.6 and 4.7.  
Equation 4.5 
 ΘZe = 0.0237 − 0.0175ÕZ_Œ       
Equation 4.6 
 ¬`X = 0.088 − 0.037ÕZ_Œ       
Equation 4.7 
 – = 0.6 − 0.3ÕZ_Œ       
Where msa is the sand fraction by mass.   
4.3.4 Haigh (2012) 
The Haigh (2012) model is based on a simplified geometrical idealization of soil 
microstructure as shown in Figure 4.2. The model assumes one-dimensional heat flow 
between two equally sized spherical particles of radius, R. In order to describe the 
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volumetric fraction of water and air in the geometry, the parameters β and ξ are introduced.  
These parameters may be calculated based on saturation ratio and void ratio.  
 
Figure 4.2: Schematic representation of the axisymmetric contact model from Haigh (2012) 
For mathematical simplicity, the model assumes heat flow is confined to a specific single 
direction parallel to the axis of a cylindrical cell. The overall thermal conductivity of the 
cell, k, can be calculated by integrating over a series of parallel cylindrical shells. After 
integrating from 0 to βR, with the fluid being water and from βR to R with the fluid being 
air, the following expression was developed: 
Equation 4.8 
**ZWijk = 	2(1 + “)= ” ‘`(1 − ‘`)= ’¬ ÷(1 + “) + (‘` − 1)<“ + ‘` ◊
+ ‘_(1 − ‘_)= ’¬ ÷ (1 + “)(1 + “) + (‘_ − 1)<◊ÿ
+ 2(1 + “)(1 − ‘`)(1 − ‘_) [(‘` − ‘_)< − (1 − ‘_)‘`]	 
 
ratio, significantly overestimating the rate of increase of
thermal conductivity.
De Vries (1963) introduced a thermal conductivity model
for soils based on Maxwell’s equations for the electrical
conductivity of uniform spheres dispersed within a contin-
uous fluid. This takes a weighted average of the thermal
conductivities of each phase of the soil, with weighting
factors taking account of particle shape. For moist unsatu-
rated soil, both the soil particles and air voids are considered
to be particles dispersed in the continuous water medium.
Farouki (1981) states that the weighting factors assumed by
de Vries in order to match experimental data imply a
needle-like shape for the soil particles, unlike most soil
particles. The use of these incorrect weighting factors thus
makes this prediction method little more than an empirical
fit to the data. The method does, however, reproduce the
general trends in variation of thermal conductivity for soils
with water contents greater than 3% by volume, in which de
Vries suggests that the water phase can be assumed to act as
a continuous medium.
Gori (1983) proposed a theoretically based model for the
thermal conductivity of frozen soils, which has since been
modified for prediction of the thermal conductivity of un-
frozen soils (Tarnawski et al., 2000). This model assumes
the soil volume to be represented by a cube with a cubic
soil particle at its centre. Increasing amounts of water first
coat the surface of the soil particle before forming capillary
bridges to the six surrounding cells. A parallel isotherms
assumption is then made, allowing the thermal conductivity
of the cell to be calculated. This model results in three
phases of behaviour: that with no capillary bridges present;
that when capillary bridges are narrower than the soil solid;
and that when the capillary bridges are wide. The formation
of capillary bridges is assumed to occur at a water content
equal to an empirically set fraction of the permanent wilting
point of the soil, as suggested by Tarnawski & Gori (2002).
This model can replicate some aspects of soil thermal
behaviour, at the expense of a very complex set of equations
with multiple modes of behaviour, the equations for which
are not replicated here but are presented by Tarnawski et al.
(2000). The thermal conductivity variation with saturation
ratio predicted by these equations is not necessarily contin-
uous, owing to changes in the predicted pore fluid geometry,
and only partially replicates the effect of varying saturation
ratio and voids ratio on the thermal conductivity of the soil.
An attempt to improve this performance was carried out
by Gori & Corasaniti (2002), who added the effect of the
increasing thermal conductivity of the air phase due to
humidity to the model in order to improve its use at high
temperatures. It will be seen later that this markedly im-
proves the model’s performance, even at a temperature of
300 K. Both of the Gori models predict an increasing
gradient of thermal conductivity with saturation ratio, which
is the opposite of what is observed in the data of Chen
(2008).
In this paper a theoretical analysis will be presented based
on conduction through a simple soil element containing
three phases: soil particles, pore water and air. From this
simple model equations can be derived to predict the
thermal conductivity of soils, which will be validated against
the results of thermal conductivity measurements reported in
the literature for a wide range of sandy soils.
METHODOLOGY
The mathematical derivation of thermal conductivity in
this paper will be based on a highly simplified geometrical
idealisation of microstructure in soils. The model will ana-
lyse one-dimensional heat flow between two equally sized
spherical soil particles of radius R. Pore water will be
assumed to be held by surface tension in the region of
smallest separation between the particles. For mathematical
simplicity, the curvature of the menisci holding the water at
the particle contacts will be ignored, with the water main-
taining a cylindrical outside surface of radius !R. The
spherical particles are enclosed within a cylindrical cell, also
of radius R, and with a length of R(1 + "), the choice of "
allowing the effect of varying voids ratio to be studied. The
particles are thus touching only when a value of " of zero is
used, positive values of " resulting in the particles being
connected by a capillary bridge of water. This will, however,
be referred to as a particle ‘contact’ in the remainder of this
paper.
Symmetry can be used to reduce the region to be
analysed. As the particles are spherical, axisymmetry can be
assumed about an axis passing through both particle centres.
Two planes of symmetry also exist in this geometry, one on
the plane passing through the particle contact equidistant
from the two particle centres and one passing through the
particle centre, both planes being normal to the axis of
symmetry. Thus, by symmetry, only one hemispherical parti-
cle and half of a capillary bridge will need to be analysed.
This is shown in Fig. 1.
Geometry of unit cell
In order to derive a relationship between the geometric
parameters, ! and ", and the soil mechanics parameters,
saturation ratio and voids ratio, integration must be carried
out to determine the volume of the solid, water and air
phases within the model. It can be seen from geometry that
the volume of the soil solids can be expressed as
Vsolid ¼ 2#R
3
3
(1)
and that the total volume of the cell is
Vtotal ¼ #R3 1þ "ð Þ (2)
The volume of voids must thus be
Vvoid ¼ #R
3
3
1þ 3"ð Þ (3)
It can thus be seen that the voids ratio is given by
e ¼ Vvoid
Vsolid
¼ 1þ 3"
2
" ¼ 2e % 1
3
(4)
!R r
Plane of
symmetry
"R Water Air
Soil
particle
Direction of
heat flow
Axis of
symmetry
R
! R r2 2!
Fig. 1. Geometry of axisymmetric contact model
618 HAIGH
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Where: 
Equation 4.9 
 “ = 	 =flMŒ 	    
Equation 4.10 
 < = 	\MãŸ= ^ ª1 + É⁄€ ï − √3 €y¬ ïæ  
Equation 4.11  
 É⁄€ 3ï = 	 =(MãŒŸ)(Ml5Ä)l(MãŸ)›(MãŸ)›     
Haigh (2012) used the dataset produced by Chen (2008) to validate Equation 4.8.  As 
shown in Figure 4.3, Haigh (2012) noted a systemic underestimation by the proposed 
analytical model.   
 
Figure 4.3: Comparison of predicted thermal conductivity using Equation 7 with Chen 
(2008) experimental values 
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Haigh (2012) concluded that the underestimation of the model was primarily due to 
differences in the heat flow prescribed by the 2D model with uni-axial heat flow and the 
heat flow in three-dimensional reality.  Haigh (2012) estimated that the upper bound for 
the translation from the 2D model to 3D could be based on an ideally packed soil of 
spherical particles.  He calculated this upper bound factor as follows: 
Equation 4.12  
[‘É0⁄> = 	3 °fi›ú=ú flúö=√Œúö = 	 fl√= ≈ 2.2	   
     
Haigh (2012) reported that the 2.2 factor related favorably to the 1.58 factor produced by 
a trend of the Chen (2008) data.  It was reported for the purposes of estimating the bulk 
thermal conductivity of soil, the thermal conductivity calculated using Equation 4.7 
should be multiplied by 1.58. 
4.4 New Model Methodology 
A new semi-analytical model was developed based on the original geometry prescribed 
and outlined by Haigh (2012).  It may be observed in Figure 3 that the Chen (2008) data 
doesn’t fit to the 1:1 line, 1.58 factor line, or the 2.2 factor line.  The new model changes 
two key assumptions; pure uniaxial heat flow and the translation from the 2D thermal 
conductivity to 3D thermal conductivity.   
As described by Haigh (2012), forcing heat to flow uniaxial is somewhat problematic, 
because a simple 2D numerical model will depict heat flow avoiding the air-filled pore-
space in favor of water filled pore-space.  Thus, forcing heat flow through the air-filled 
portion of the pore-space will lead to an underestimation of bulk thermal conductivity.  As 
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can be seen in Figure 4, the new assumption for heat flow allows two potential paths.  The 
first path occurs when r is less than βR and is uniaxial flow through the soil particle and 
water filled pore-space.  The second path occurs when r is greater than βR.  In the second 
case, the heat flow is assumed to flow through the soil particle, but when it encounters air-
filled pore-space, it travels along the surface of the particle and then through the water 
filled pore-space. 
                               
Figure 4.4: Case 1 (left) and Case 2 (right) for the new model geometry and heat flow 
assumptions  
 
4.4.1 Unit Cell Geometry 
Following the description of the geometry of a unit cell presented in Haigh (2012), the 
geometric parameters b and x can be related to the soil mechanic parameters saturation 
ratio and void ratio.  It can be seen from geometry that the volume of solids, total cell 
volume, and volume of voids can be expressed as shown in Equations 4.13 through 4.15. 
 
 
 
ratio, significantly overestimating the rate of increase of
thermal conductivity.
De Vries (1963) introduced a thermal conductivity model
for soils based on Maxwell’s equations for the electrical
conductivity of uniform spheres dispersed within a contin-
uous fluid. This takes a weighted average of the thermal
conductivities of each phase of the soil, with weighting
factors taking account of particle shape. For moist unsatu-
rated soil, both the soil particles and air voids are considered
to be particles dispersed in the continuous water medium.
Farouki (1981) states that the weighting factors assumed by
de Vries in order to match experimental data imply a
needle-like shape for the soil particles, unlike most soil
particles. The use of these incorrect weighting factors thus
makes this prediction method little more than an empirical
fit to the data. The method does, however, reproduce the
general trends in variation of thermal conductivity for soils
with water contents greater than 3% by volume, in which de
Vries suggests that the water phase can be assumed to act as
a continuous medium.
Gori (1983) proposed a theoretically based model for the
thermal conductivity of frozen soils, which has since been
modified for prediction of the thermal conductivity of un-
frozen soils (Tarnawski et al., 2000). This model assumes
the soil volume to be represented by a cube with a cubic
soil particle at its centre. Increasing amounts of water first
coat the surface of the soil particle before forming capillary
bridges to the six surrounding cells. A parallel isotherms
assumption is then made, allowing the thermal conductivity
of the cell to be calculated. This model results in three
phases of behaviour: that with no capillary bridges present;
that when capillary bridges are narrower than the soil solid;
and that when the capillary bridges are wide. The formation
of capillary bridges is assumed to occur at a water content
equal to an empirically set fraction of the permanent wilting
point of the soil, as suggested by Tarnawski & Gori (2002).
This model can replicate some aspects of soil thermal
behaviour, at the expense of a very complex set of equations
with multiple modes of behaviour, the equations for which
are not replicated here but are presented by Tarnawski et al.
(2000). The thermal conductivity variation with saturation
ratio predicted by these equations is not necessarily contin-
uous, owing to changes in the predicted pore fluid geometry,
and only partially replicates the effect of varying saturation
ratio and voids ratio on the thermal conductivity of the soil.
An attempt to improve this performance was carried out
by Gori & Corasaniti (2002), who added the effect of the
increasing thermal conductivity of the air phase due to
humidity to the model in order to improve its use at high
temperatures. It will be seen later that this markedly im-
proves the model’s performance, even at a temperature of
300 K. Both of the Gori models predict an increasing
gradient of thermal conductivity with saturation ratio, which
is the opposite of what is observed in the data of Chen
(2008).
In this paper a theoretical analysis will be presented based
on conduction through a simple soil element containing
three phases: soil particles, pore water and air. From this
simple model equations can be derived to predict the
thermal conductivity of soils, which will be validated against
the results of thermal conductivity measurements reported in
the literature for a wide range of sandy soils.
METHODOLOGY
The mathematical derivation of thermal conductivity in
this paper will be based on a highly simplified geometrical
idealisation of microstructure in soils. The model will ana-
lyse one-dimensional heat flow between two equally sized
spherical soil particles of radius R. Pore water will be
assumed to be held by surface tension in the region of
smallest separation between the particles. For mathematical
simplicity, the curvature of the menisci holding the water at
the particle contacts will be ignored, with the water main-
taining a cylindrical outside surface of radius !R. The
spherical particles are enclosed within a cylindrical cell, also
of radius R, and with a length of R(1 + "), the choice of "
allowing the effect of varying voids ratio to be studied. The
particles are thus touching only when a value of " of zero is
used, positive values of " resulting in the particles being
connected by a capillary bridge of water. This will, however,
be referred to as a particle ‘contact’ in the remainder of this
paper.
Symmetry can be used to reduce the region to be
analysed. As the particles are spherical, axisymmetry can be
assumed about an axis passing through both particle centres.
Two planes of symmetry also exist in this geometry, one on
the plane passing through the particle contact equidistant
from the two particle centres and one passing through the
particle centre, both planes being normal to the axis of
symmetry. Thus, by symmetry, only one hemispherical parti-
cle and half of a capillary bridge will need to be analysed.
This is shown in Fig. 1.
Geometry of unit cell
In order to derive a relationship between the geometric
parameters, ! and ", and the soil mechanics parameters,
saturation ratio and voids ratio, integration must be carried
out to determine the volume of the solid, water and air
phases within the model. It can be seen from geometry that
the volume of the soil solids can be expressed as
Vsolid ¼ 2#R
3
3
(1)
and that the total volume of the cell is
Vtotal ¼ #R3 1þ "ð Þ (2)
The volume of voids must thus be
Vvoid ¼ #R
3
3
1þ 3"ð Þ (3)
It can thus be seen that the voids ratio is given by
e ¼ Vvoid
Vs lid
¼ 1þ 3"
2
" ¼ 2e % 1
3
(4)
!R r
Plane of
symmetry
"R Water Air
Soil
particle
Direction of
heat flow
Axis of
symmetry
R
! R r2 2!
Fig. 1. Geometry of axisymmetric contact model
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Equation 4.13  
 {ZWijk = 	 =flú›Œ 	    
Equation 4.14  
 {9W9_i = 	EëŒ(1 + ξ)	    
Equation 4.15  
 {‚Wjk = 	 flú›Œ (1 + 3ξ)	    
Based on Equations 4.13 through 4.15 the void ratio can be related to the geometric 
parameter x as shown in Equations 4.16 and 4.17. 
Equation 4.16  
 „ = 	 ‰ÂÊÁË‰ÈÊÍÁË = MãŒŸ= 	    
Equation 4.17  
 “ = =flMŒ 	    
The volume of water can be calculated by integrating using cylindrical symmetry as 
shown in Equation 4.18.  
Equation 4.18  
 {` _9fg = ∫ 2E>¿(1 + “)ë − √ë= − >=¡3>Ïúc     
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																			= flú›Œ ™3(1 + “)Ì= + 2(1 − Ì=)Œ =s − 2´     
The saturation ratio may then be calculated using Equation 4.15 and 4.16. 
Equation 4.19  
ng = ‰ÓÔÒÄ‰ÂÊÁË 	   = Œ(MãŸ)Ïöã=(MlÏö)› ös l=MãŒŸ 	   
 															= =¶›lŒ(MãŸ)¶öãŒŸãMMãŒŸ 	  
Where 
Equation 4.20  
 < = Ö(1 − Ì=)	 
The solution for x is the root of Equation 4.19 which is: 
Equation 4.21  
 < = \MãŸ= ^ (1 + cos	θ − √3	sinθ)  
Where 
Equation 4.22  
 cos 3ï = =(MãŒŸ)(Ml5Ä)l(MãŸ)›(MãŸ)›  
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4.4.2 Thermal Conductivity Model 
Similar to the work proposed by Haigh (2012), the overall thermal conductivity of a 
cylindrical cell will be calculated by integrating a series of cylindrical shells.  For the 
purpose of the unit cell, heat flow is uniaxial, but as will be described, the heat flow for each 
individual concentric cylinder is quasi-uniaxial. As such, the thermal resistance of each 
cylindrical shell are in parallel with each other, while the thermal resistance of the solid and 
fluid components are in series.   
The thermal resistance of the entire cylindrical cell can be described as: 
Equation 4.23  
 MÛ8ÊÔÍ = 	 ™∫ MÛÈÙÒÍÍÏúc ´ıì5ˆ	M + ™∫ MÛÈÙÒÍÍúÏú ´ıì5ˆ	= = 	 ˜8flúöú(MãŸ)       
Thus, Case 1 may be described as: 
Equation 4.24  
 [¯Z˘fii]ıì5ˆ	M = ÷Ö˙ö˚Äö¸È ã(˝˚˛)˙óÖ˙ö˚Äö¸Ó ◊=flg	kg     
Equation 4.25  
 ™∫ MÛÈÙÒÍÍÏúc ´ıì5ˆ	M = ∫ =flg	kg÷Ö˙öóÄö¸È ã(˝˚˛)˙óÖ˙ö˚Äö¸Ó ◊Ïúc     
For Case 2, the primary concept is that the thermal conductivity of air is so much lower than 
that of the soil particle or water that effectively no heat transfer will occur through it.  As a 
result, the heat flow path is assumed to occur along the surface of the soil particle to the 
shortest pathway through the water.  In summary, the travel path is assumed to occur through 
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the particle (L1), along the surface of the particle as an arc length (S), and through the water 
(S).  This pathway can be described mathematically as: 
Equation 4.26  
 ç1 = 	√ë= + >=    
Equation 4.27  
 n = ë ™fl= − coslM \gú^´    
Equation 4.28  
 ç2 = 	“ë    
For the purposes of calculating the thermal resistance of a given cylindrical shell, the length 
of the soil particle and water assumed to be in series are R and ξR, respectively.  It would 
be incorrect to assume ks for this proportionally averaged thermal conductivity calculation 
because the heat transfer path used in the cylindrical shell calculation is shorter than the 
assumed heat transfer path.  The thermal conductivity is therefore modified proportionally 
to reflect this difference in heat flow path length as: 
Equation 4.29  
*′Z = íÔíˇ *Z        
Where 
Equation 4.30  
ç_ = ë					‘¬3		çe = ç1 + n      
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We can then describe Case 2 as: 
Equation 4.31  
[¯Z˘fii]ıì5ˆ	= = ™ ˙¸ÅÈã˛˙¸Ó´=flg	kg        
Equation 4.32  
∫ MÛÈÙÒÍÍúÏú = ∫ =flg	kg! ˙÷ ˙Ö˙öóÄö˚"◊¸Èã˛˙¸Ó#
úÏú       
Unfortunately, Equation 4.32 is not in a form that can be simply integrated.  The primary 
impediment is the term that modifies ks: 
Equation 4.33  
$⁄3yVy„> = ™ ú√úölgöã5´       
The modifier can be approximated quite well by a square root function that can be integrated 
as: 
Equation 4.34  
$⁄3yVy„> = ÉÖ>/ë + 1 R2= 0.98      
Where  
Equation 4.35 
  c = 1 – 2/π        
Equation 32 can now be rewritten as: 
  
 
103 
 
Equation 4.36 
∫ MÛÈÙÒÍÍúÏú = ∫ =flg	kg% ˙ªüÖÄ/˙˚˝æ¸Èã˛˙¸Ó&úÏú       
Equation 4.23 can now be rearranged with Equations 4.25 and 4.32 to solve for the 
thermal conductivity of the unit cell as: 
Equation 4.37 
*& = =fl(MãŸ)úflúö '∫ ˜È˜Óg	kg˜È(MãŸ)úl(˜Èl˜Ó)ª√úölgöæÏúc + ∫ ˜È˜Óg	kg% ˙¸ÓªüÖÄ/˙˚˝æãŸú˜È&úÏú (   
Equation 4.31 can be reduced by combining terms and substituting for a=kw/ks prior to 
integration: 
Equation 4.38 
˜8˜È = =(MãŸ)ú '∫ _∙g	kg(MãŸ)úl(Ml_)ª√úölgöæÏúc + ∫ _∙g	kg% ˙∙ÔªüÖÄ/˙˚˝æãŸú&úÏú (                           
After integration we can describe the final equation as: 
Equation 4.39 
˜8˜È = r4nw1 + r4nw2        
Where 
r4nw1 = 2‘(1 + “)(1 − ‘) 'Ö(1 − Ì) − 1 + (1 + “)(1 − ‘) ç) *(1 + “) + (‘ + 1)Ö(1 − Ì)(1 + “) + (‘ + 1) +( 
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And 
CASE2 = 
−4‘=(“ + 1) ÷3 ”ç),‘ + “ + É“ÖÌ‘ + “(1 + É) -ÿ ∙ {‘Œ + 3‘=“ + 3‘“= + “Œ} + 1.5‘É“=ªÉÌ − 4ÖÌ + 4 − Éæ + “ŒÉ 03 − 1.5É + É= + 1.5ÉÌ − 3ÖÌ − É=ÌŒ=1+ 3‘=“Éª1 − ÖÌæ◊3É2“d
− ‘(“ + 1)(Ì= − 1)“  
4.4.3 Validation and 2D Translation 
Using the Chen (2008) data is useful for validation because the porosity and saturation of 
the dataset is well controlled.  Haigh (2012) primarily used this data to devise his 1.58 
bulking factor.  The unmodified new model estimated versus Chen (2008) thermal 
conductivity measurements is shown in Figure 4.5. 
 
 
Figure 4.5: New Model estimated thermal conductivity versus Chen (2008) measured data 
What we can observe from this figure is that in order to transition from the 2D model to the 
3D bulked thermal conductivity, there is a dependence on saturation.  This variation can in 
part be explained conceptually from the assumptions that have been made in the original 2D 
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model.  First, at 100% saturation, the model is identical to the Haigh (2012) model which is 
known to underestimate thermal conductivity due to bulking (among other factors) by 
roughly 1.5 to 2.  Second, at 0% saturation, the Case 2 heat flow path will dominate.  
However, the Case 2 assumption is that the heat flow path will avoid and not flow through 
the air void space.  When no water is present, obviously the heat flow path will not occur 
through water.  In general, as saturation decreases, and the pore space becomes less 
connected by water and more air filled, the assumption of heat flow only through the solid 
partiles and water becomes increasingly problematic.  Fortunately, as can be seen in Figure 
4.5, it appears that these errors can be accounted for by parameterized functions of 
saturation.   
While it is possible to use only the Chen (2008) data to quantify the error as a function of 
saturation, the Chen (2008) dataset is somewhat limited for this application for the following 
reasons.  First, the dataset is very uniform in minerology, specifically, all the soils in the 
Chen (2008) database are high quartz content (99%+) soils.  It would be beneficial to use a 
data set that includes a wider spectrum of minerology.  Second, all of the Chen (2008) soils 
have very low fines contents (5%-25%).  Ideally, a wide spectrum of soil types and 
gradations would be used to quantify the error to provide an overall approach that could be 
used on a wide range of natural soils (not just quartz sands).  Fortunately, Tarnawski (2014) 
provides a wide range of thermal conductivity measurements made on a number of 
Canadian soils.  The Tarnawski (2014) dataset includes 240 measurements made on 40 
different soils.  These soils contain a wide range of mineralogical mixes with clay content 
ranging from 0 to 42%, silt content ranging from 0 to 83%, and sand content ranging from 
0 to 100%.   
  
 
106 
Somewhat conveniently, both the Chen (2008) and Tarnawski (2014) measurements were 
made at 0, 10, 25, 50, and 100% saturation (with Tarnawski (2014) also making 
measurements at 70% saturation).  This allows us to combine the Chen (2008) and 
Tarnawski (2014) datasets quite effectively.  We can then plot estimated versus measured 
thermal conductivity sorted by saturation on the combined dataset.  These data are shown 
plotted in Figure 4.6a through 4.6f.  For each saturation, a function of the 2D new model 
thermal conductivity can be produced as a log-function in the form of: 
Equation 4.40 
  f(kT) = a LN(kT) +b       
 
Figure 4.6a: New Model estimated thermal conductivity versus Chen (2008) and Tarnawski 
(2014) 0% saturation measured data 
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Figure 4.6b: New Model estimated thermal conductivity versus Chen (2008) and Tarnawski 
(2014) 10% saturation measured data 
 
 
Figure 4.6c: New Model estimated thermal conductivity versus Chen (2008) and Tarnawski 
(2014) 25% saturation measured data 
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Figure 4.6d: New Model estimated thermal conductivity versus Chen (2008) and Tarnawski 
(2014) 50% saturation measured data 
 
Figure 4.6e: New Model estimated thermal conductivity versus Chen (2008) and Tarnawski 
(2014) 70% saturation measured data.  
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Figure 4.6f: New Model estimated thermal conductivity versus Chen (2008) and Tarnawski 
(2014) 100% saturation measured data 
 
For each of these function curves, we can then plot up the “a” terms and “b” terms versus 
saturation ratio.  As can be seen in Figures 4.7 and 4.8, the plots for the “a” and “b” terms 
have quite a good agreement.   
 
Figure 4.7: Parameter “a” for 2D translation to 3D bulked thermal conductivity 
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Figure 4.8: Parameter “b” for 2D translation to 3D bulked thermal conductivity 
This allows for the following equations to correct the 2D model to 3D for most saturations 
above 10%.   
Equation 4.41 
*e = ‘ç)(*&l=3) + 4        
Where 
Equation 4.42 ‘ = 0.4316(ng × 100)c.Œqc6   
Equation 4.43    
4 = 0.0143(ng × 100) − 0.1039       
For saturations below 10%, the “a” and “b” terms used for the translation should be: 
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Equation 4.44 
 ‘ = 0.1146(ng × 100) + 0.1771       
Equation 4.45 
4 = −0.0108(ng × 100) + 0.1361      
Note that Equations 4.41 through 4.45 are only valid for kT-2D calculated values between 1.1 
and 3.5 because the curves of the log-fit functions sharply curve above and below these 
values.  In rare instances, the calculated kT-2D will be either less than 1.1 or greater than 3.5.  
If a kT-2D value is calculated below 1.1, 1.1 should be used in Equation 4.41.  Similarly, if a 
kT-2D value above 3.5 is calculated, 3.5 should be used in Equation 4.41.   
Applying the translation to the combined Chen (2008) and Tarnawski (2014) dataset 
produces results shown in Figure 9 that have good correlation between measured and 
estimated values while maintaining a gradient near 1.   
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Figure 4.9: New Model estimated thermal conductivity translated from 2D model to bulked 
versus Chen (2008) and Tarnawski (2014) measured data 
 
4.4.4 New Model Alternative 
An alternative to Equations 39 and 41 would be to provide a more complex empirical 
correction to the original Haigh (2012) method as proposed by Rubin and Ho (2018).  In 
this alternative method, the uncorrected thermal conductivity calculated by Equation 4.8 
would be modified with a factor, F, as follows: 
For saturation less than 10%: 
Equation 4.46 
[ = 35.787*c.qcŒ        
For saturation greater than 10%: 
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Equation 4.47 
[ = 1.8387*lc.Œ=Œ        
Applying the translation to the combined Chen (2008) and Tarnawski (2014) dataset 
produces results shown in Figure 4.10.  The data that tracks the 1:1 line well is from the 
Chen (2008) indicating that the Rubin and Ho (2018) modified method is likely only 
applicable to high quartz content sands.   
 
Figure 4.10: Modified Haigh (2012) estimated thermal conductivity versus Chen (2008) and 
Tarnawski (2014) measured data 
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4.5 New Thermal Conductivity Measurements on Sands 
In order to validate that the new model is satisfactory for estimating thermal conductivity 
on a range of soils, a dataset of 124 new thermal conductivity tests were conducted on five 
test soils.   
4.5.1 Sample Preparation 
Test specimens of the selected soils were prepared in a plastic cylindrical mold 15.24 cm 
(6.0 inches) in diameter by 19.05 cm (7.5 inches) tall.  Dry specimens were placed using a 
funnel in general accordance with ASTM D4254-14 Standard Test Methods for Minimum 
Index Density and Unit Weight of Soils and Calculation of Relative Density to achieve 
low-density samples.  In order to provide samples of increasing density, samples were 
placed in lifts and tamped and/or vibrated.  Using these methods, a range of specimens 
roughly ranging from the minimum dry density to the maximum dry density were prepared. 
Moist specimens, that were not fully saturated, were prepared by pre-mixing soil to a target 
water content.  The soil was then placed by shaking it through a No. 4 sieve (4.75 mm).  
Dense samples were created by tamping in layers using Standard Proctor Compaction 
equipment.  The number of blows applied to each layer was increased or decreased to 
achieve the target density. 
Wet specimens, that were fully saturated, were prepared by first placing soil dry (as 
described previously) and then saturated from the bottom up.  A porous stone separated 
incoming flow from the prepared specimen.  Saturation was done slowly so as to prevent 
damage to the specimen particle structure.  The water added to the specimen was measured 
by volume and mass so that the water content and saturation could be calculated.    
 
  
 
115 
4.5.2 Thermal Conductivity Measurements 
Thermal conductivity was measured using a 15 cm thermal needle in accordance with 
ASTM 5334 Standard Test Method for Determination of Thermal Conductivity of Soil and 
Soft Rock by Thermal Needle Probe Procedure.  The thermal needle was inserted into the 
prepared specimens after preparation.  The temperature read by the thermal needle was 
allowed to stabilize prior to testing.   
4.5.3 Test Soils 
Five soils were tested for this study; Ottawa Sand, Plymouth Sand, Filter Pack Sand, 
AgFarm Sand and Silt, and Vicksburg Loess. Ottawa Sand is a commercially produce 
medium grained uniform sand with a very high silica content.  In addition, Ottawa Sand 
was mixed with a pure quartz silt at percentages of 5%, 10%, 20%, and 50% by dry mass.  
Plymouth Sand is a well graded beach sand from Cape Cod. The Filter Pack Sand is a 
uniform course grained sand typically used in well construction.  The AgFarm Sand and 
Silt was collected from an alluvial sand and silt deposit formed at the University of 
Massachusetts Amherst Agricultural Farm located in Sunderland, MA.  Last, the Vicksburg 
Loess is from a deposit of wind-blown silt from Vicksburg Mississippi.  The deposit is a 
non-plastic silt with a clay content less than 5%.  Particle gradation curves are show in 
Figure 11.  The thermal conductivity of the solid particles was estimated based on reported 
values and measurements at saturated conditions.  Table 4.3 summarizes the soil 
conditions. Results of the thermal conductivity tests are shown in Table 4.4.  
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Table 4.3:  Summary of soils tested 
Soil 
ks 
(W/mK) 
ρs % Sand % Clay 
Ottawa Sand 7.69 2.65 100 0 
Filter Pack Sand 5.50 2.65 100 0 
Umass Agricultural 
Farm 
5.00 2.7 59.2 1 
Plymouth Sand 5.25 2.65 97.9 0 
Vicksburg Loess 5.00 2.7 1.6 5 
 
 
Figure 4.11: Particle gradation of test soils 
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Table 4.4:  Summary of new thermal conductivity measurements 
Soil Tested Saturation % 
Water 
Content 
% 
Dry 
Density 
(kg/m3) 
e n 
Initial 
Temperature 
°C 
Measured 
k 
(W/mK) 
Umass Agricultural 
Farm 
2.4 1.2 1149.4 1.349 0.574 25.8 0.169 
2.5 1.2 1185.4 1.278 0.561 25.3 0.178 
2.8 1.2 1240.9 1.176 0.540 25.3 0.186 
3.0 1.2 1290.3 1.093 0.522 25.3 0.204 
3.3 1.2 1363.7 0.980 0.495 25.6 0.212 
9.0 9.7 693.1 2.895 0.743 24.7 0.294 
9.0 9.7 693.1 2.895 0.743 24.8 0.292 
16.0 9.7 1027.2 1.628 0.619 24.23 0.629 
19.5 20.4 697.4 2.871 0.742 22.8 0.364 
25.8 25.1 744.0 2.629 0.724 24.1 0.558 
28.0 9.7 1399.6 0.929 0.482 24.8 1.215 
30.4 20.4 949.8 1.843 0.648 23 0.859 
53.8 20.4 1321.5 1.043 0.511 23.3 1.626 
55.6 25.0 1216.2 1.220 0.550 23.9 1.523 
83.4 25.5 148.5 0.824 0.452 24.1 1.851 
Filter Pack Sand 
0.0 0.0 1546.8 0.713 0.416 28.8 0.209 
0.0 0.0 1564.9 0.693 0.409 26.7 0.214 
0.0 0.0 1349.6 0.963 0.491 28.0 0.186 
0.0 0.0 1472.8 0.799 0.444 25.8 0.206 
0.0 0.0 1423.6 0.861 0.463 25.0 0.198 
0.0 0.0 1371.5 0.932 0.482 25.2 0.1965 
20.3 8.5 1394.8 1.110 0.526 26.1 0.541 
28.0 7.4 1570.5 0.687 0.407 25.2 1.851 
97.6 34.1 1402.7 0.910 0.476 22.9 2.072 
97.9 26.0 1561.6 0.697 0.411 22.9 2.136 
99.2 27.9 1529.5 0.733 0.423 23.8 2.000 
99.7 29.5 1496.2 0.771 0.435 23.8 2.063 
99.8 31.8 1440.9 0.839 0.456 24.5 2.113 
Ottawa Sand 
0.0 0.0 1615.8 0.640 0.390 25.5 0.299 
0.0 0.0 1692.9 0.565 0.361 25.6 0.321 
0.0 0.0 1714.1 0.546 0.353 25.6 0.323 
0.0 0.0 1650.4 0.606 0.377 25.5 0.308 
0.0 0.0 1530.0 0.732 0.423 25.7 0.287 
0.0 0.0 1516.1 0.748 0.428 25.6 0.284 
0.0 0.0 1585.9 0.671 0.402 25.6 0.293 
14.1 7.9 1075.3 1.511 0.602 22.6 0.777 
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Table 4.4:  Summary of new thermal conductivity measurements (cont.)
Soil Tested Saturation % 
Water 
Content 
% 
Dry 
Density 
(kg/m3) 
e n 
Initial 
Temperature 
°C 
Measured 
k 
(W/mK) 
Ottawa Sand 
19.1 7.9 1275.0 1.118 0.528 22.73 1.097 
25.7 9.4 1362.1 0.982 0.495 22.9 1.752 
42.6 21.7 1137.0 1.375 0.579 25.5 1.037 
63.2 23.0 1355.9 0.991 0.498 25.3 2.396 
63.8 13.5 1697.9 0.561 0.359 25.3 3.003 
63.8 13.5 1697.9 0.560 0.359 26 2.966 
64.9 21.8 1415.5 0.907 0.476 22.9 2.207 
72.5 19.1 1559.1 0.700 0.412 26.1 1.896 
72.5 19.1 1559.1 0.700 0.412 26 1.896 
72.7 22.0 1489.0 0.812 0.448 25.16 3.120 
95.7 31.2 1454.5 0.853 0.460 24.3 2.651 
98.2 23.3 1639.8 0.616 0.381 24.0 2.770 
99.2 26.1 1581.5 0.690 0.408 25.2 2.683 
99.7 27.2 1554.9 0.709 0.415 24.5 2.779 
100.0 24.2 1626.1 0.630 0.387 24.7 2.907 
100.0 28.9 1506.7 0.759 0.431 26.2 2.868 
95% Ottawa Sand 
5% Silica Silt 
0.0 0.0 1367.2 0.938 0.484 21.5 0.228 
0.0 0.0 1709.4 0.550 0.355 20.4 0.320 
19.9 10.0 1137.4 1.330 0.571 20.1 1.187 
39.6 10.5 1558.0 0.701 0.412 21.2 2.711 
45.9 10.0 1680.0 0.577 0.366 16.33 3.114 
53.3 15.3 1504.6 0.761 0.432 21.4 2.680 
55.5 14.1 1585.2 0.672 0.402 21.5 2.793 
60.7 17.6 1500.1 0.767 0.434 22.6 3.032 
76.1 15.7 1711.6 0.548 0.354 22.2 3.152 
90% Ottawa Sand 
10% Silica Silt 
0.1 0.0 1648.1 0.608 0.378 23.1 0.279 
16.2 7.2 1219.7 1.173 0.540 23.7 1.437 
23.0 7.2 1452.0 0.825 0.452 23.4 2.270 
28.9 11.1 1316.8 1.012 0.503 22 1.949 
35.1 7.2 1719.4 0.541 0.351 23.7 3.136 
37.6 14.5 1313.5 1.017 0.504 25.6 1.748 
42.5 11.1 1567.9 0.690 0.408 23.3 2.712 
62.9 14.5 1646.9 0.609 0.378 22.7 3.254 
86.9 14.8 1573.7 0.611 0.379 22.2 2.905 
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Table 4.4: Summary of new thermal conductivity measurements (cont.)
Soil Tested Saturation % 
Water 
Content 
% 
Dry 
Density 
(kg/m3) 
e n 
Initial 
Temperature 
°C 
Measured 
k 
(W/mK) 
80% Ottawa Sand 
20% Silica Silt 
0.3 0.1 1490.6 0.778 0.438 28.1 0.223 
30.6 7.8 1583.2 0.674 0.403 29.7 1.521 
38.6 7.8 1726.8 0.535 0.349 28.4 2.347 
49.4 11.5 1638.0 0.618 0.382 27.9 3.091 
70.9 11.5 1852.5 0.430 0.301 28.1 3.537 
73.6 11.5 1873.3 0.415 0.293 27.8 3.769 
75.5 11.5 1887.3 0.404 0.288 29 3.896 
50% Ottawa Sand 
50% Silica Silt 
0.2 0.2 854.9 2.100 0.677 30.3 0.092 
5.5 5.1 762.0 2.478 0.712 28.5 0.178 
11.4 5.1 1209.8 1.190 0.543 26.6 0.877 
14.9 10.6 915.5 1.895 0.655 27.5 0.339 
35.4 15.3 1233.9 1.148 0.534 26.9 1.38 
83.8 15.3 1784.9 0.485 0.327 28.3 3.085 
Plymouth Sand 
0.0 0.0 1633.6 0.622 0.383 22.8 0.269 
0.0 0.0 1829.9 0.448 0.309 24.7 0.303 
0.0 0.0 1664.7 0.592 0.372 23.6 0.282 
0.0 0.0 1705.6 0.554 0.356 24.0 0.293 
0.0 0.0 1849.6 0.433 0.302 24.3 0.332 
0.0 0.0 1801.9 0.471 0.320 24.5 0.294 
0.0 0.0 1671.7 0.585 0.369 19.2 0.268 
0.0 0.0 1608.3 0.648 0.393 20.2 0.265 
0.0 0.0 1748.1 0.516 0.340 21.0 0.283 
0.0 0.0 1791.5 0.479 0.324 21.7 0.300 
7.9 3.5 1242.3 1.173 0.540 24.5 0.839 
11.6 3.5 1498.0 0.802 0.445 24.5 0.916 
11.6 5.1 1227.7 1.199 0.545 23.2 1.029 
12.8 3.0 1648.8 0.638 0.389 24.9 1.152 
16.3 5.1 1457.6 0.852 0.460 23.2 1.204 
22.9 4.7 1737.4 0.554 0.356 23.8 1.914 
31.7 11.3 1377.7 0.960 0.490 23.4 1.316 
33.9 11.3 1423.2 0.897 0.473 23.4 1.404 
53.6 11.3 1723.0 0.567 0.362 23.4 2.297 
62.3 15.3 1621.5 0.665 0.399 18.2 1.658 
68.0 14.3 1721.0 0.569 0.363 22.9 2.724 
71.8 13.3 1799.3 0.501 0.334 20.17 2.612 
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Table 4.4:  Summary of new thermal conductivity measurements (cont.) 
 
 
 
Soil Tested Saturation % 
Water 
Content 
% 
Dry 
Density 
(kg/m3) 
e n 
Initial 
Temperature 
°C 
Measured 
k 
(W/mK) 
Plymouth Sand 
84.2 18.4 1678.0 0.579 0.367 26.3 2.275 
84.2 18.4 1678.0 0.580 0.367 26.3 2.275 
86.5 13.7 1866.6 0.420 0.296 26.3 2.559 
86.8 16.1 1778.1 0.490 0.329 27.3 2.618 
88.4 15.4 1813.7 0.461 0.316 27.2 2.614 
92.5 19.8 1690.5 0.568 0.362 26.6 2.373 
93.0 19.2 1713.9 0.546 0.353 27.3 2.422 
Vicksburg Loess 
0.1 0.6 1295.2 1.085 0.520 25.8 0.174 
0.6 0.3 1120.0 1.411 0.585 24.23 0.152 
0.8 0.3 1367.0 0.975 0.494 24.23 0.197 
1.1 0.6 1156.3 1.335 0.572 25.8 0.176 
1.2 0.6 1207.9 1.235 0.553 27.26 0.172 
1.3 0.6 1240.5 1.176 0.540 25.26 0.179 
1.3 0.6 1262.9 1.138 0.532 25.8 0.185 
1.5 0.6 1366.2 0.976 0.494 25.49 0.217 
12.0 15.4 706.4 2.822 0.738 23.66 0.369 
15.9 15.1 875.0 2.086 0.676 23.5 0.683 
24.4 15.0 1143.5 1.361 0.576 27.1 0.991 
39.9 15.0 1472.5 0.834 0.455 23.69 1.673 
68.1 27.5 1578.6 0.710 0.415 23.7 1.957 
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4.6 Comparison of Models 
Using the new data collected, it is possible to compare the efficacy and limitations of the 
previously referenced models without having a bias of using data that was used to fit the 
models.  Plots of estimated versus measured thermal conductivity are shown in Figure 12a 
through 12e and the results of linear regression are shown in Table 4.5.  It can be seen that 
all of the models perform at reasonably well. With the exception of the Haigh (2012) 
Model, all models having a correlation of at least 0.90 and gradients near unity.  The new 
model is clearly an improvement on the Haigh (2012) model which shares similar 
geometric assumptions. 
The primary problem that the Haigh (2012) model encounters is when the void ratio is less 
than 0.5, a negative value is calculated for the geometric term, x.  This results in greatly 
overestimated thermal conductivity values.  In the new model, the correction from kT-2D to 
the bulk thermal conductivity limits the upper value used for the correction.  The difference 
in results between the new model and Haigh (2012) Model can be seen in the highest three 
estimated data points in Figure 12a shown to be in good agreement with the measured 
values and Figure 12b which shows a great overestimation of the measured values.   
Aside from the Haigh (2012) Model, the remaining 4 models have fairly similar 
performance when compared to the new measured results with R2 ranging from 0.90 to 
0.94 and gradients ranging from 1.01 to 1.12.  The models also have similar performance 
when compared to the Chen (2008) and Tarnawski (2014) datasets with R2 values slightly 
improving for those data sets but with gradients slightly less than one.  Note that even on 
the Chen/Tarnawski combined data set, the new model also has superior performance to 
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the Haigh (2012) Model which indicates that it is superior even when the data set does not 
contain void ratio values less than 0.5.  This would appear to suggest that incorporation of 
preferential flow paths in the mathematical models may provide better results.  Another 
important note when comparing the linear regression analysis is that the gradient of the 
new model is fairly stable, but there are variations of about 0.1 in the gradient for the other 
models.  Overall, these models are very similar in performance, but each model may 
perform better depending on the soils in the data set.  
Table 4.5:  Summary of linear regression analysis 
Model Tested 
New 
Measurements 
Chen/Tarnawski  
Measurements 
Gradient R2 Gradient R2 
New Model 1.01 0.90 0.97 0.93 
Haigh (2012) 0.82 0.84 0.89 0.90 
Chen (2008) 1.12 0.94 1.02 0.96 
Cote and Konrad 
(2005) 1.06 0.94 0.96 0.95 
Tarnawski (2014) 1.08 0.92 0.99 0.97 
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Figure 4.12a: New Model estimated thermal conductivity versus new thermal conductivity 
measurements 
 
Figure 4.12b: Haigh (2012) Model estimated thermal conductivity versus new thermal 
conductivity measurements 
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Figure 4.12c: Chen (2008) Model estimated thermal conductivity versus new thermal 
conductivity measurements 
 
Figure 4.12d: Cote and Konrad (2005) Model estimated thermal conductivity versus new 
thermal conductivity measurements 
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Figure 4.12e: Tarnawski (2014) Model estimated thermal conductivity versus new thermal 
conductivity measurements 
 
Beyond looking at the linear regression results, it is interesting to consider where the largest 
errors occur for each model.  A correlation between the percent error from the measured 
result was not observed based on soil dry density, porosity or thermal conductivity of the 
solids.  However, there are some interesting results based on saturation condition.  Figures 
4.13a through 4.13e show saturation percent versus percent error from the measured data 
for each model.   
When the error is presented as a function of saturation, it is possible to observed similar 
patterns between the new model and Tarnawski (2014) that are geometrically based and 
the Chen (2008) and Cote and Konrad (2005) models that are based on similar averaging 
models.  As discussed previously, the errors of the Haigh (2012) model are particular to it.  
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At very high levels of saturation (80% to 100%), the Chen (2008) and Cote and Konrad 
(2005) models are particularly effective with an error of less than +/- 5%.     
 
Figure 4.13a: New Model saturation percent versus percent error from thermal 
conductivity measurements 
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Figure 4.13b: Tarnawski (2014) saturation percent versus percent error from thermal 
conductivity measurements 
 
Figure 4.13c: Haigh (2012) saturation percent versus percent error from thermal 
conductivity measurements 
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Figure 4.13d: Chen (2008) saturation percent versus percent error from thermal 
conductivity measurements 
 
Figure 4.13e: Cote and Konrad (2005) saturation percent versus percent error from 
thermal conductivity measurements 
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At saturations of about 40 to 80 percent all of the models perform similarly with errors of 
less than +/- 25%.  At lower saturations, the new model and the Tarnawski (2014) model 
that incorporate a modeling of heat flow paths appear to model the data better.  Generally, 
the new model and Tarnawaski (2014) model have a maximum error of +/- 50% with a 
majority of values having an error of less than +/- 25%.  At Saturations less than 40%, the 
error of all the models tends to be overestimation, in particular, at saturations less than 
20%.  This is particularly pronounced in the Chen (2008) and Cote and Konrad (2005) 
models.  The Chen (2008) model appears to have an error spike at about 10% saturation.  
At 10% saturation, the error of the Chen (2008) models is typically an over estimation of 
100% +/-50%.  In the Cote and Konrad (2005) model, a similar error spike is at 0% 
saturation.  At this point, the Cote and Konrad (2014) model typically underestimates 
thermal conductivity by 50% +/-25%.   
At 100% saturation, both the Chen (2008) and Cote and Konrad (2005) models reduce to 
the following form: 
Equation 4.48 
* = *h`*ZMlh        
As has been described by many previous researchers, Equation 48 is a highly effective 
method of estimating thermal conductivity at full saturation conditions.  The new 
measurements collected as part of this study further confirm that conclusion.  However, 
even the best empirical models that correct for saturation effects (Chen (2008) and Cote 
and Konrad (2005)) produce significant errors at low saturation levels.  Further, at 0% 
saturation conditions, Equation 48 cannot be used with the thermal conductivity of air 
replaced for the thermal conductivity of water (doing so would greatly overestimate the 
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bulk thermal conductivity).  This is highly suggestive of different modes of heat transfer 
dependent on the saturation and likely the connectedness of the pore fluid.  Further, it 
suggests that at high saturation conditions (greater than 80%) the soil effectively acts like 
a block with uniform thermal conductivity.  However, at low saturation conditions (less 
than 20%), the structure of the soil matrix and the preferential heat flow paths developed 
by the packing and pore fluid connectedness are highly influential to the overall thermal 
conductivity of the soil matrix material.   
4.7 Conclusions 
A new model to estimate the thermal conductivity of soils was developed to incorporate 
preferential heat flow.  Existing databases of soil thermal conductivity measurements were 
used to translate the model from 2D space to 3D bulked space.  A new database of 124 
thermal conductivity measurements on 5 soils was produced to validate the new model and 
compare the effectiveness of various thermal conductivity soil models.  The new model is 
one of the few existing models that represents the physical geometry of the three phases of 
soil structure. 
It was found that the new model was comparable to recent well-functioning existing 
models.  It was observed that all the soil models are effective at high degrees of saturation, 
but large errors can occur at lower saturation conditions.  It was further observed that 
mixing models had larger errors at low saturations than models that considered multiple 
flow paths.    
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CHAPTER 5 
 
Estimating Relative Permittivity with a Geometric Semi-empirical 
Dielectric Model2 
 
5.1 Abstract 
A new model to estimate the relative permittivity of soil was developed.   Four empirical 
models to estimate the relative permittivity of soil are compared to a new model based on 
a new database of relative permittivity measurements on soils.  The new model is based on 
particle level geometry with an empirical fit. The new database of relative permittivity 
measurements consists of 124 measurements on five different soils measured at a range of 
porosities and saturations. The effectiveness, positive attributes, and negative attributes of 
each model are discussed. 
5.2 Introduction 
The relative permittivity of soil is a useful property to know, but due to the matrix nature 
of soil, it can be challenging to model. A variety of empirically developed dielectric mixing 
models have been proposed over the last 40 years. Most of these models are based on 
volumetric averaging combined with empirical fits.  However, the strengths and 
weaknesses of these models can be difficult to parse because in many cases the same 
databases that were used to develop a particular model were also used in the comparison 
to other exiting models. A new model is proposed based on the idealized geometry of the 
soil matrix and compared to four commonly cited models. The models are presented and 
discussed with their effectiveness evaluated using a new database of relative permittivity 
measurements on five soils.  The models used for reference include the Topp et al. (1980)  
2 This paper has been submitted for publication in IEEE Journal Transactions on Geoscience 
and Remote Sensing 
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model, the semi empirical mixing dielectric model (SMDM) by Dobson et. al. (1985), the 
complex refractive index model (CRIM) by Roth et. al. (1990), and the generalized 
refractive mixing dielectric model (GRMDM) by Mironov et. al. (2004).     
5.3 Previous Models 
There are many previous models that are sited in the literature for use in modeling the 
relative permittivity of soils.  The most commonly cited models are used as a comparison 
to the new Geometric Semi-empirical Dielectric Model (GSDM) and are described herein.   
5.3.1 Topp et. al. Model 
While commonly cited as a model to estimate the volumetric moisture content of soil based 
on relative permittivity measurements, the paper also includes an estimation of relative 
permittivity based on known volumetric moisture content. The Topp et. al.  (1980) model 
was based on the measurements from four soil types with varying percentages of sand, silt 
and clay. The only model input is volumetric moisture content, so the model is insensitive 
to variations in temperature, porosity, and mineralogy.   
Equation 5.1 
 tgx = 3.03 + 9.3ï‚ + 146.0ï‚= − 76.7ï‚Œ    
Where εr’ is the real part of the dielectric constant (relative permittivity) and θv is the 
volumetric moisture content.  Note that when θv =0, εr’ is constant (3.03). 
5.3.2 Semiempirical Mixing Dielectric Model (SMDM) 
One of the more commonly cited models is the semiempirical mixing dielectric model 
(SMDM).  Originally proposed by Dobson et. al. (1985) and then modified by Peplinski 
et. al. (March 1995) and Peplinski et. al. (June 1995), it was developed using five soil types 
over a wide range of moisture conditions and two frequency ranges from 0.3 to 1.3 GHz 
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and 1.4 to 18 GHz.  For the 1.4 to 18 GHz frequency range, the real part of the dielectric 
constant can be estimated with the following equation:  
Equation 5.2 
 tg	M.2lMq89:x = ™1 + ;ˇÛÈ (tZx< − 1) + ï‚ÏÅtv`x< − ï‚´M/<  
where γb is the soil bulk density, ρs is the soil specific gravity, ε's is the soil particle relative 
permittivity, ε’fw is the free water relative permittivity, α = 0.65 and is empirically derived, 
and β’ is empirically derived based on the sand (S) and clay (C) percent shown in Equation 
5.3.  
Equation 5.3  
 Ìx = 1.2748 − 0.00519	n − 0.00152	r  
The relative permittivity of free water is calculated using the Debye equation shown in 
Equation 5.4. 
Equation 5.4  
 tv`x = tê= + >äl>?Mã(=flv@>)ö  
where εω∞ = 4.9 is the high-frequency limit, εω0 is the low-frequency limit, f is the frequency 
in Hz, and τω is the relaxation time for free water. The parameters εω0 and τω are functions 
of temperature and are described in Ulaby et. al. (1986). Finally, for the low frequency 
range, 0.3 to 1.3 GHz, the relative permittivity is estimated as follows: 
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Equation 5.5 
 tg	c.ŒlM.Œ89:x = 1.15tg	M.2lMq89:x  - 0.68  
Much like the Topp et. al.  model, the SMDM is highly dependent on the volumetric 
moisture content but also reliant to a lesser degree on soil bulk density, soil particle specific 
gravity, and includes the relative permittivity of the soil particles, water, and air. An 
advantage of this is that relative permittivity is not constant at near zero volumetric 
moisture content.  In addition, the β’ term allows for some effects of soil texture and 
mineralogy. 
5.3.3 Complex Refractive Index Model (CRIM) 
The Complex Refractive Index Model (CRIM) is based on the concept of volumetrically 
averaging of the soil matrix component (soil, water, and air) relative permittivity values. 
The volume fraction approach has been described by Dobson et. al. (1985), Roth et. al. 
(1990), Friedman (1998), and Jones and Friedman (2000). The CRIM dielectric mixing 
model is described as:  
Equation 5.6 
 tgx = [ï‚t<` + (1 − ¬)tZ< + (¬ − ï‚)t_<]M/<    
where n is porosity, α = 0.5, and εw can be evaluated using Equation 5.4.  Similar to the 
SMDM, the inclusion of porosity in addition to volumetric moisture content results in 
relative permittivity that is not constant at near zero volumetric moisture content.  Unlike 
SMDM, other than the εs, CRIM does not factor in mineralogy or clay content.  
5.3.4 Generalized Refractive Mixing Dielectric Model (GRMDM) 
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The Generalized Refractive Mixing Dielectric Model (GRMDM) is an empirical model 
that considers both free and bound water in the model. The GRMDM is described fully in 
Mironov et. al. (2004), Birchak et. al. (1974), Mironov et. al. (2009), and Mironov et. al. 
(2013). The real part of the dielectric constant using GRMDM is:  
Equation 5.7 
 tgx = ¬X= − *X=   
Equation 5.8   
 ¬X = A¬k + (¬e − 1)ï‚ ,																																									ï‚ ≤ ï9¬k + (¬e − 1)ï9 + (¬D − 1)(ï‚ − ï9), ï‚ ≥ ï9  
Equation 5.9 
 *X = A*k + *eï‚ ,																																																						ï‚ ≤ ï9*k + *eï9 + *D(ï‚ − ï9), 																								ï‚ ≥ ï9    
where nm, nd, nb, and nu and km, kd, kb, and ku are the values of refractive index and 
normalized attenuation coefficients where m, s, b, u denote moist soil, dry soil, bound water 
and free water respectively.  θt is the value of the maximum bound water and as seen in 
Equation 5.10 is an empirical function dependent on clay content (C).  The following 
describe the empirically derived refractive index and normalized attenuation coefficients: 
Equation 5.10 
 ï9 = 0.0286 + 0.00307	r    
Equation 5.11 
 ¬k = 1.634 − 0.00539	r + 2.75 ∙ 10ldr=  
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Equation 5.12 
 *k = 0.0395 − 4.038 ∙ 10l2	r    
Equation 5.13 
 ¬e = (8.86 + 0.00321,) + (−0.0644 + 7.96 ∙ 10l2,)r 																	+(2.97 ∙ 10l2 − 9.6 ∙ 10l6,)r=  
Equation 5.14 
 *e = (0.738 − 0.00903, + 8.57 ∙ 10ld,=) 																		+(−0.00215 + 1.47 ∙ 10l2,)r 																		+(7.36 ∙ 10ld − 1.03 ∙ 10l6, + 1.05 ∙ 10lq,=)r=  
Equation 5.15 
¬D = (10.3 − 0.0173,) + (6.5 ∙ 10l2 + 8.82 ∙ 10ld,)r 
																											+(−6.34 ∙ 10l6 − 6.32 ∙ 10lp,)r=  
Equation 5.16 
 *D = (0.7 − 0.17, + 1.78 ∙ 10l2,=) 																				+(0.00161 + 7.25 ∙ 10l2,)r 																				+(−1.46 ∙ 10l2 − 6.03 ∙ 10l6, + 7.87 ∙ 10lE,=)r=  
where T is temperature in Celsius and C is clay content in percent.  Similar to the Topp et. 
al. model, when the volumetric moisture content is zero, the estimated relative permittivity 
is constant (regardless of other factors except clay content). 
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5.4 New Method Approach 
Previous methods have started with the assumption that electromagnetic wave propagation 
in soils does not take preferential paths and therefore the relative permittivity of the soil-
water-air matrix should be able to be calculated as a volumetric average of the constituents 
(water, air and solid minerals).  However, as all the previously discussed models have 
shown, a pure volumetric average of the constituents is insufficient to properly model the 
electromagnetic behavior of soils and each of the methods employs an empirical fit to 
achieve reasonable results.  The newly proposed model is based on the particle scale matrix 
geometry with an empirical fit making it a geometric semi-empirical dielectric model 
(GSDM).   
5.4.1 New Model Geometry 
The prescribed geometry is based on the work done by Haigh (2012) on one dimensional 
heat transfer in soils.  In this idealized geometry, a spherical soil particle is considered 
within a cylindrical unit cell of equal radius.  At a particle scale level, it is reasonable to 
assume that an electromagnetic wave front could be idealized to move unidirectionally as 
shown in Figure 5.1.   
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Figure 5.1: New model unit cell geometry 
In order to describe the volumetric fraction of water and air in the geometry, the parameters 
β and ξ are introduced.  These parameters may be calculated based on saturation ratio and 
void ratio.  The real part of the dielectric constant for the cylindrical cell can be calculated 
by integrating over a series of parallel cylindrical shells.   
5.4.2 Calculation of Unit Cell Terms 
Following the description of the geometry of a unit cell presented in Mironov (2013), the 
geometric parameters b and x can be related to the soil properties saturation ratio and void 
ratio.  It can be seen from geometry that the volume of solids, total cell volume, and volume 
of voids can be expressed as shown in Equations 5.17 through 5.19. 
Equation 5.17 
 {ZWijk = 	 =flú›Œ 	   
Direction 
of EM 
wave front 
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Equation 5.18 
 {9W9_i = 	EëŒ(1 + ξ)	   
Equation 5.19 
 {‚Wjk = 	 flú›Œ (1 + 3ξ)	   
Based on Equations 5.17 through 5.19 the void ratio can be related to the geometric 
parameter x as shown in Equations 5.20 and 5.21. 
Equation 5.20 
 „ = 	 ‰ÂÊÁË‰ÈÊÍÁË = MãŒŸ= 	   
Equation 5.21 
 “ = =flMŒ 	   
The volume of water can be calculated by integrating using cylindrical symmetry as shown 
in Equation 5.22.  
Equation 5.22 
{` _9fg = F 2E> ™(1 + “)ë − Öë= − >=´ 3>Ïúc  
																									= EëŒ3 ™3(1 + “)Ì= + 2(1 − Ì=)Œ =s − 2´ 
The saturation ratio may then be calculated using Equation 5.19 and 5.22. 
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Equation 5.23 
 ng = ‰ÓÔÒÄ‰ÂÊÁË 	   
													= Œ(MãŸ)Ïöã=(MlÏö)› ös l=MãŒŸ 	  
													= =¶›lŒ(MãŸ)¶öãŒŸãMMãŒŸ 	   
Where 
Equation 5.24 
 < = Ö(1 − Ì=)  
The solution for x is the root of Equation 5.23 which is:  
Equation 5.25 
 < = \MãŸ= ^ (1 + cos	θ − √3	sinθ)  
Where 
Equation 5.26 
 cos 3ï = =(MãŒŸ)(Ml5Ä)l(MãŸ)›(MãŸ)› 	
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5.4.3 Real Dielectric Constant of a Unit Cell 
For mathematical simplicity, it is assumed that the propagation of the electromagnetic wave 
is one-dimensional through the unit cell.  The overall relative permittivity of the unit cell 
may be calculated by integrating a number of concentric cylindrical shells.  Each concentric 
cylindrical shell is assumed to be in parallel.  Within a given cylindrical shell, due to the 
one-dimensional nature, the permittivity of the fluid (water or air) and solid are assumed 
to be in series.  The relative permittivity of a given shell with a radius, r, may be expressed 
as: 
Equation 5.27 
 tZ˘fiix = Gi˝ãiöÍH˝ÈÅãÍöHIÅ J2E>3>	
Where: 
Equation 5.28 
 ’M = √ë= − >=   
And 
Equation 5.29 
 ’= = (1 + “)ë − √ë= − >=   
Combining and simplifying Equations 5.27, 5.28, and 5.29 yields: 
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Equation 5.30 
 tZ˘fiix = % ÈÅIÅ (MãŸ)úIÅ ª√úölgöæãÈÅ¿(MãŸ)úl√úölgö¡& 2E>3>  
The total relative permittivity of the unit cell may then be expressed as: 
Equation 5.31 
 ∫ tZ˘fiix = 8Å flúö(MãŸ)ú  
Rearranging the terms in Equations 30 and 31 produces the following: 
Equation 5.32 
 t&x = =(MãŸ)ú ∫ ÈÅIÅ gkgÈÅ(MãŸ)úl\ÈÅlIÅ ^ª√úölgöæúc 	
  
This expression can be further reduced by substituting: 
Equation 5.33 
 α = IÅÈÅ    
So that Equation 5.32 becomes: 
Equation 5.34 
 8ÅÈÅ = =(MãŸ)ú ∫ <gkg(MãŸ)úl(Ml<)ª√úölgöæúc   
Expanding yields: 
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Equation 5.35 
t&xtZx = 2(1 + “)£ë(1 − £) ÷Öë= − >= + ë(1 + “)(1 − £) ln Kë(1 + “) + (£ − 1)Öë= − >=L◊cú 
If the Equation 5.34 is integrated from radius, r, zero to bR with ef’ being water and from 
bR to R with ef’ being air that will give the overall thermal conductivity of the unit cell 
with the three-phase soil medium as: 
Equation 5.36 
t&xtZx = 	2(1 + “)= ” £`(1 − £`)= ’¬ ÷(1 + “) + (£` − 1)<“ + £` ◊
+ £_(1 − £_)= ’¬ ÷ (1 + “)(1 + “) + (£_ − 1)<◊ÿ 
																											+ 2(1 + “)(1 − £`)(1 − £_) [(£` − £_)< − (1 − £_)£`]	
 
Where aa and aw are the relative permittivity of the air and water normalized by the relative 
permittivity of the solids.   
5.5 New Relative Permittivity Measurements 
A new dataset of relative permittivity measurements has been made that includes 5 soils.  
Two of the soils are commercial products (Ottawa Sand and Filter Pack Sand), one is a 
naturally occurring beach sand (Plymouth Sand), and two are naturally occurring with a 
large percentage of fine-grained soil (AgFarm Sand and Silt and Vicksburg Loess)  
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5.5.1 Test Soils 
Five soils were tested for this study; Plymouth Sand, Ottawa Sand, Filter Pack Sand, 
AgFarm Sand and Silt, and Vicksburg Loess.  Plymouth Sand is a well-graded beach sand 
from Cape Cod, Massachusetts. Ottawa Sand is a commercially available medium grained 
uniform sand with a very high silica content from Ottawa, Illinois.  The Filter Pack Sand 
is a uniform course-grained sand typically used in well construction.  The AgFarm Sand 
and Silt was collected from an alluvial sand and silt deposit formed at the University of 
Massachusetts Amherst Agricultural Farm located in Sunderland, Massachusetts.  Last, the 
Vicksburg Loess is from a deposit of wind blown non-plastic silt with a clay content of 
approximately 5% from Vicksburg Mississippi. Particle gradation curves are show in 
Figure 5.2.  In addition to the five test soils, mixtures of Ottawa Sand and pure silica silt 
with silt contents of 5%, 10%, 20%, and 50% were tested. 
 
Figure 5.2: Soil particle gradation of tested soils 
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5.5.2 Sample Preparation 
Test specimens of the selected soils were prepared in a plastic cylindrical mold 15.24 cm 
(6.0 inches) in diameter by 19.05 cm (7.5 inches) tall.  Dry specimens were placed using a 
funnel in general accordance with ASTM D4254-14 Standard Test Methods for Minimum 
Index Density and Unit Weight of Soils and Calculation of Relative Density to achieve low-
density samples.  In order to provide samples of increasing density, samples were tamped 
and/or vibrated.  Using these methods, a range of specimens roughly ranging from the 
minimum dry density to the maximum dry density were produced. 
Moist specimens, that were not fully saturated, were prepared by pre-mixing soil to a target 
water content.  The soil was then placed by shaking it through a No. 4 sieve (4.75 mm).  
Dense samples were created by tamping in layers using Standard Proctor Compaction 
equipment.  The number of blows applied to each layer was increased or decreased to 
achieve the target density. 
Wet specimens, that were fully saturated, were prepared by first placing soil dry (as 
described above) and then saturated from the bottom up.  A porous stone separated incoming 
flow from the prepared specimen.  Saturation was done slowly so as to prevent damage to 
the specimen particle structure.  The water added to the specimen was measured by volume 
and mass so that the water content and saturation could be calculated.   
For each specimen prepared, the water content, saturation, dry density, and void ratio were 
calculated prior to testing.  In addition, the internal temperature of the specimen was 
measured with a thermal needle probe. 
5.5.3 Relative Permittivity Measurements 
Relative permittivity measurements were made on 124 specimens.  Relative permittivity 
was measured directly with a Dynamax TH2O probe (Figure 5.3) at a frequency of 100 
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MHz.  The needle length of the probe is 60 mm.  Several measurements were made on the 
specimen and average for a final recorded measurement.  Manufacturer specifications 
indicate an accuracy of ±0.13% of mV reading with a resolution of 1.0 mV.  Due to the 
readout resolution of 1.0 mV combined with the non-linear equation to calculate relative 
permittivity from the mV readings, the accuracy and potential gross error of permittivity 
calculated will have a non-linear relationship as shown in Figures 5.4 and 5.5.  The vast 
majority of measurements will have an accuracy of ±0.3% or better. 
 
Figure 5.3: Dynamax TH2O probe  
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Figure 5.4: Accuracy of measured e’ over a range of potential values  
 
 
Figure 5.5: Maximum error of measured e’ over a range of possible values  
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5.6 Geometric Semi-empirical Dielectric Model (GSDM) Validation 
5.6.1 All Soil Data 
When Equation 5.36 is used to predict the results of the new data set of measurements 
described in the previous section, a clear under-prediction of values is observed.  However, 
as seen in Figure 5.6, the values show a very good correlation to the measured data (if not 
accurate).   
 
Figure 5.6: Results of predicted values using the newly collected data  
 
If these data are plotted by soil type, there appears to be even better soil specific correlation 
that takes an exponential form.  For each soil, we could correct the calculated value to better 
match the measured data using the following equation: 
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Equation 5.37 
 εUWggfU9fkx = a	eN8Å    
The a and b terms may be obtained from soil specific fits.  It was found that for all test soils, 
the a-term was approximately 1.15 as the data sets seem to converge at low values of relative 
permittivity.  The b-term, which plays a large roll in controlling the shape of the curve 
appears to be related to the soil texture.   
 
Figure 5.7: Soil specific results of predicted values using the newly collected data  
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Although the data points are very limited, it was observed that for simplicity, the b term can 
be related to the percent passing as shown in Figure 5.8.   
 
Figure 5.8: Relationship between b-parameter and percent passing #200 sieve 
5.7 Comparison of Models 
5.7.1 All Soil Data 
The results of testing are shown in Figure 5.9.  In general, of the selected models, the 
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typically produces the lowest predicted values, however, at high measured relative 
permittivity (i.e. highly saturated conditions), the CRIM and SMDM appear to produce 
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permittivity at saturated conditions is consistent with results reported by Wagner et. al. 
(2011) comparing measured data with the CRIM method.  In general, the new method 
appears to show an improvement to predictions at highly saturated conditions while 
performing similarly or better at lower saturations.        
 
Figure 5.9: All soil data measured relative permittivity versus predicted relative 
permittivity with 4 tested models  
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Figure 5.10: All soil data measured relative permittivity versus predicted relative 
permittivity with 4 tested models – low relative permittivity results 
 
At very low relative permittivity measurements, the systemic error of the Topp et. al. and 
GRMDM can be easily seen (both models are effectively constant for dry conditions).  For 
dry measurements, the SMDM appears to be most effective.  Although there still is scatter, 
the gradient appears to be right on the 1:1 line.  The CRIM and GSDM data also seem to 
have a gradient of approximately unity, but the data are shifted such that the GSDM 
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models is very similar.  This is a reasonable result since all of the models are empirical in 
nature and are primarily sensitive to volumetric moisture content.   As noted in Figure 5.4, 
the gradient of the trend line for all the models is less than 1.0.   
Of the selected models, each has observable strengths and weaknesses.  Generally, the 
gradient for the GRMDM is closest to 1.0, however, it has the lowest R2 value.  Conversely, 
the SMSM model has the best R2 value, but one of the gradients furthest from unity.  The 
GSDM has the R2 value and gradient closest to 1 and appears to show improvement upon 
the existing models. 
 
Figure 5.11: Measured relative permittivity versus predicted relative permittivity calculated 
by Topp et. al. 
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Figure 5.12: Measured relative permittivity versus predicted relative permittivity calculated 
by SMDM 
 
Figure 5.13: Measured relative permittivity versus predicted relative permittivity calculated 
by SMDM 
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Figure 5.14: Measured relative permittivity versus predicted relative permittivity calculated 
by GRMDM 
 
Figure 5.15: Measured relative permittivity versus predicted relative permittivity calculated 
by the GSDM 
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5.7.3 Individual Soils 
Figures 5.16 through 5.20 present the effectiveness of the individual models broken down 
by test soil.  There are a few interesting observations that can be made from these figures.  
The first is that in Figure 5.18 and 5.19 (Ottawa and Plymouth sands), in the circled regions, 
there are a number of similar predicted values over a wide range of measured values.  Upon 
closer inspection of the data (Tables 5.1 and 5.2), these similar values all have very 
consistent volumetric moisture content over a wide range of porosity.  All of the models, 
even those that incorporate density or porosity are dominated by volumetric moisture such 
that partially saturated zones become problematic.  At the dry and wet extremes this model 
behavior becomes less of an issue.   
Table 5.1: Select Ottawa Sand Results 
Measured ε'r n S (%) θv Dry Density (kg/m3) 
8.173 0.412 72.5 0.299 1559.1 
5.729 0.476 64.9 0.309 1415.5 
9.571 0.498 63.2 0.315 1355.9 
18.090 0.448 72.7 0.326 1489.0 
 
 
 
 
 
Table 5.2: Select Plymouth Sand Results 
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Measured ε'r n S (%) θv Dry Density (kg/m3) 
9.7 0.334 71.8 0.240 1799.3 
8.7 0.399 62.3 0.249 1621.5 
17.7 0.363 68.0 0.247 1721 
20.8 0.296 86.5 0.256 1866 
 
 
  Figure 5.16: Measured relative permittivity versus predicted relative permittivity for 
AgFarm Sand and Silt 
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Figure 5.17: Measured relative permittivity versus predicted relative permittivity for Filter 
Pack Sand  
  
Figure 5.18: Measured relative permittivity versus predicted relative permittivity for 
Ottawa Sand  
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Figure 5.19: Measured relative permittivity versus predicted relative permittivity for 
Plymouth Sand  
 
Figure 5.20: Measured relative permittivity versus predicted relative permittivity for 
Vicksburg Loess  
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Another way to visualize the dependence on volumetric moisture of the different models 
is to compute permittivity on simulated data.  A well graded soil similar to the Plymouth 
sand is considered, a range of void ratios from 0.5 to 1.2 was simulated at steps of 0.1 with 
saturation levels simulated from 0 to 100% saturation at 10% steps.  Given these 
conditions, 88 relative permittivity calculations were made for each of the models.  For 
graphical clarity, the SMDM, GRMDM, and GSDM simulation bounds are shown in 
comparison to Plymouth Sand measured data in Figure 5.21.      
 
Figure 5.21: Simulated model results versus volumetric moisture content  
Note that the spectrum of possible values for the SMDM model is quite narrow in 
comparison to the GSDM (this would also be true for CRIM).  The GRMDM model 
0
5
10
15
20
25
30
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Si
m
ul
at
ed
 R
el
at
iv
e 
Pe
rm
itt
iv
ity
  
Volumetric Moisture Content
e=.5 - New Model
e=1.2 - New Model
e=0.5 - SMDM
e=1.2 - SMDM
GRMDM
Plymouth Sand Measured Data
 161 
 
becomes a line solely dependent on volumetric moisture in this simulation (this would also 
be true for Topp et. al).   
 Both the AgFarm Sand and Silt and the Vicksburg Loess contain large amounts of 
fine-grained constituents (Figures 5.16 and 5.20).  Also, in both cases, the fine-grained 
constituents are non-plastic.  However, the effectiveness of the selected models on these 
two soils is very differently.  The AgFarm Sand and Silt is modeled very well while the 
Vicksburg Loess predicted relative permittivity is quite underestimated, particularly as it 
gets wetter.  Due to the grain size correction in the GSDM, this behavior is captured and 
the GSDM predicts better for this particular fine-grained soil.  It’s not clear how much of 
these differences are due to packing (grain-size effects) or mineralogical effects, or 
something else entirely, but it seems to warrant further consideration of the efficacies of 
the models on fine-grained soils.      
5.8 Conclusions 
Four common empirical methods and a new model for estimating the relative permittivity 
of soil were reviewed based on new measurements on five test soils.  Based on a review of 
the methodologies and test data, the following conclusions were reached: 
• All the models were found to perform reasonably well, with individual models 
performing better in some particular cases than others.  The GSDM was found to 
be effective over a wide range of sand gradations and saturation levels. 
• Overall, while adequate to obtain rough estimates, significant errors can be 
generated by the models.   
• Methods that heavily rely on empirical relationships based on volumetric moisture 
may not be flexible enough to properly mirror experimental results. 
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• Soil gradation/texture likely plays a role in the bulk relative permittivity of soil-
matrix; however, the full extent will require further research to fully capture.   
Additional work is required to fully account for textural and mineralogical effects in 
naturally occurring soils. 
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CHAPTER 6 
ESTIMATING THERMAL CONDUCTIVITY FROM RELATIVE 
PERMITTIVITY AND GPR MEASUREMENTS3 
6.1 Abstract 
Measurement of soil thermal conductivity in-situ is important for many practical 
geotechnical and civil engineering applications.  However, for a variety of reasons it can 
be difficult to measure in-situ.  A method to estimate the thermal conductivity of sands 
based on electrical relative permittivity (dielectric constant) measurements is presented.  
The method of estimating thermal conductivity from relative permittivity measurements is 
then extended to relative permittivity estimated from ground penetrating radar (GPR) data.  
Thermal conductivity and relative permittivity measurements were conducted on prepared 
bench scale specimens of five soils of varying density and saturation.  In total, 124 
specimens were prepared for thermal conductivity and relative permittivity measurements.  
Thermal conductivity was measured using a thermal needle technique and relative 
permittivity was measured using a Dynamax TH2O probe. Based on the laboratory bench 
scale tests, a method of estimating thermal conductivity from the relative permittivity 
measurements was empirically developed.  The method was then tested using GPR by 
preparing large box specimens and collecting data on sand specimens of known dimensions 
and physical properties (void ratio, saturation, dry density).  The effectiveness of estimating 
thermal conductivity from GPR measurements is presented. 
6.2 Introduction 
Measurement of soil thermal conductivity in-situ is important for the design of many  
3 This paper has been submitted for publication in Near Surface Geophysics 
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subsurface projects.  In particular, measurement of soil thermal conductivity is critical for 
the design of geothermal heating and cooling applications as well as proper building 
insulation, ground freezing, seabed pipelines carrying hot oil or gas, and buried electric 
cables.  Unfortunately, estimation of the thermal conductivity of soils remains challenging. 
Current methods for the in-situ measurement of soil thermal conductivity are expensive 
and provide data that is spatially limited to a very small portion of the overall site.  To 
address these challenges, a relationship between the relative permittivity and thermal 
conductivity of sandy soil has been developed so that ground penetrating radar (GPR) may 
be used as a tool for thermal conductivity site evaluation. 
Extensive previous work has been done to relate the physical state (void ratio/porosity, 
water content, and saturation percent) of sandy soils to the bulk thermal conductivity and 
bulk relative permittivity respectively.  These parameters have always been observed 
isolated from each other. The bulk thermal conductivity and bulk relative permittivity are 
primarily dependent on the same physical characteristics.  Therefore, it should be possible 
to estimate the thermal conductivity of a soil based on the relative permittivity measured 
(or vice versa). 
Thermal conductivity and relative permittivity measurements were made on five soils over 
a wide range of porosity and saturation.  These results were used to develop a methodology 
for estimating thermal conductivity from relative permittivity measurements.  The overall 
concept of using GPR as a site investigation tool to estimate the thermal conductivity of 
soil in-situ was then validated by using the developed methodology on GPR test box 
measurements. 
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6.3 Background	
6.3.1 Thermal Conductivity Predictive Soil Models 
It was noticed very early in the literature that the dry density and saturation of the soil had 
a large impact on the thermal properties of soils.  Initially, several soil specific predictive 
correlations for thermal conductivity were made.  Kersten (1949) proposed thermal 
conductivity correlations based on the soil dry density and water content for silt-clay and 
sandy soil mixtures.  De Vries (1952) proposed a correlation for course grained soils 
between 10% and 20% saturation.  Gemant (1952) proposed a method for estimating 
thermal conductivity based on the water content, thermal conductivity of the solids, and 
thermal conductivity of water. Van Rooyen and Winterkorn (1957) investigated the 
relationship between thermal conductivity of sands and gravels with saturation between 
1.5% and 10%.  Johansen (1975) created a predictive method for soils at any saturation 
between 20% and 100% if the conductivity was known at the fully saturated and dry states.  
Because these correlations tend to be empirical and soil specific in nature, their usefulness 
is somewhat limited.   
Improvements upon the initial correlations were made by Hillel (1982) and Ingersoll 
(1988).  Hillel (1982) worked on the approach that bulk thermal conductivity was a 
function of bulk density, composition of the soil solid phase (mineral and organic 
components), moisture content, and the size, shape, and arrangement of soil particles.  
Ingersoll (1988) presented an improved analytical model from which thermal conductivity 
is estimated based primarily on volumetric water content and porosity for saturated and 
unsaturated conditions. 
More recently, similar work has been done by Côté & Konrad (2005), Lu et. al (2007), 
Chen (2008), Tarnawski et. al. (2014) and Lu and Dong (2015) who all proposed thermal 
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conductivity correlations taking into account saturation and void ratio/porosity or bulk 
density based empirical data or literature reviews.  In addition to recent empirical models, 
there have also been some attempts at analytically based approaches.  Haigh (2012) and 
later Rubin and Ho (2018) proposed semi-analytical approaches based on the micro-
structure of soil.   
6.3.2 Relative Permittivity Predictive Models 
There have been efforts to identify soil properties that most influence the effective or bulk 
relative permittivity of soils (similar to what has been done to identify properties that 
influence the thermal conductivity).  Topp et al. (1980) provided an empirical relationship 
between water content and relative permittivity.  The model proposed by Topp et al. is 
independent from soil bulk density, temperature, salt content, and soil minerology.   Van 
Dam et al. (2005) noted that the Topp et al. model has some limitations, specifically, at low 
water content with large clay content.  Recently, Porretto and Bianchi (2016) summarized 
a number of studies that proposed empirical models that account for some of the limitations 
of the Topp et al model with specific respect to minerology, clay content, and organic 
matter. 
Noborio (2001) summarized many sources that conclude that the relative permittivity of 
soils measured by time domain reflectometry (the propagation of electromagnetic waves) 
can be used to measure water content.  Rhebergen et al. (2003) concluded that increasing 
water content increases relative permittivity. In addition, the American Society for Testing 
and Materials (ASTM) has produced a standard for the determination of density and water 
content of soil based on the relative permittivity of soil (ASTM D6780/D6780M-12 
Standard Test Method for Water Content and Density of Soil In situ by Time Domain 
Reflectometry (TDR)).  Revil (2012) summarized work relating to the relative permittivity 
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of unsaturated soils.  Rivel (2012) noted that the frequency may effect relative permittivity 
measurements in the low frequency domain (around 10 kHz) but would not be a factor in 
the high frequency domain.  In the high frequency domain (typically greater than 10 MHz) 
a volume averaging approach can be used to derive the high frequency dielectric constant. 
Other previous works have focused on predictive relative permittivity models focused on 
GPR applications.  In particular, Huisman et al. (2003) provides a thorough review of 
measuring soil water content with GPR.  In addition, the recent book Civil Engineering 
Applications of Ground Penetrating Radar by Benedetto and Pajewski (2015) and Chapter 
7 Determination, by using GPR, of the volumetric water content in structures, substructures, 
foundations and soil by Tosti and Slob (2015), in particular, provide a good background.  A 
few of the commonly cited methods for estimating relative permittivity include the 
following; semiempirical mixing dielectric model (SMDM) proposed by Dobson et al 
(1985) and then modified by Peplinski, Ulaby, and Dobson (1995), complex refractive index 
model (CRIM) based on the concept of volume averaging described by Roth et al (1990), 
Friedman (1998), and Jones and Friedman (2000), and the generalized refractive mixing 
dielectric model (GRMDM) that considers both free and bound water in the model described 
by Mironov et al (2004), and Minorov, Kosolapova, and Fomin (2009), and Minorov et al 
(2013). 
6.4 Test Procedures 
To develop the proposed relationship, bench scale soil specimens of varying density and 
water content were prepared and the thermal conductivity and relative permittivity were 
measured.  To validate the concept of using GPR to estimate thermal conductivity, a large 
test box was constructed with a pluviation system to place soil by raining.  The test box 
could be slowly saturated (or drained) from the bottom to produce saturated specimens.   
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Once the test box specimen was constructed, thermal conductivity and relative permittivity 
were measured by probe and GPR data was collected with a 500MHz antenna.   
6.4.1  Bench Scale Sample Preparation 
Test specimens of the selected soils were prepared in a plastic cylindrical mold 15.24 cm 
(6.0 inches) in diameter by 19.05 cm (7.5 inches) tall.  Dry specimens were placed using a 
funnel in general accordance with ASTM D4254-14 Standard Test Methods for Minimum 
Index Density and Unit Weight of Soils and Calculation of Relative Density to achieve low-
density samples.  In order to provide samples of increasing density, samples were vibrated 
and/or tamped using Standard Proctor Compaction equipment.  Using these methods a range 
of specimens roughly ranging from the minimum dry density to the maximum dry density 
were produced. 
Moist specimens, that were not fully saturated, were prepared by pre-mixing soil to a target 
water content.  The soil was then placed by shaking it through a No. 4 sieve (4.75 mm).  
Dense samples were created by tamping in layers using Standard Proctor Compaction 
equipment.  The number of blows applied to each layer was increased or decreased to 
achieve the target density. 
Wet specimens, that were fully saturated, were prepared by first placing soil dry (as 
described above) and then saturated from the bottom up.  A porous stone separated incoming 
flow from the prepared specimen.  Saturation was done slowly so as to prevent damage to 
the specimen particle structure.  The water added to the specimen was measured by volume 
and mass so that the water content and saturation could be calculated.   
For each specimen prepared, the water content, saturation, dry density, and void ratio were 
calculated prior to testing.   
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6.4.2 Thermal Conductivity Measurements 
Thermal conductivity was measured using a 15 cm thermal needle (Figure 6.1) in 
accordance with ASTM 5334 Standard Test Method for Determination of Thermal 
Conductivity of Soil and Soft Rock by Thermal Needle Probe Procedure.  The thermal 
needle was inserted into the prepared specimens after preparation.  Prior to testing, the 
temperature read out of the thermal needle was allowed to stabilize and recorded.  After 
bench scale testing, the thermal needle was carefully removed to allow for relative 
permittivity testing. 
6.4.3 Relative Permittivity Measurements 
Immediately after thermal conductivity testing was complete, relative permittivity 
measurements were made on the same bench scale specimens.  Relative permittivity was 
measured directly with a Dynamax TH2O probe (Figure 6.1) at a frequency of 100 MHz.  
Several measurements were made on the specimen and averaged for a final recorded 
measurement. Manufacturer specifications indicate an accuracy of ±0.13% of mV reading 
with a resolution of 1.0 mV.  Due to the readout resolution of 1.0 mV combined with the 
non-linear equation to calculate relative permittivity from the mV readings, the accuracy 
and potential gross error of permittivity calculated will have a non-linear relationship.  The 
vast majority of measurements on soils will have an accuracy of ±0.3% or better.   
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Figure 6.1: Thermal Conductivity needle (left) and Dynamax TH2O probe (right) 
6.4.4 Box Testing 
In order to test GPR in a controlled laboratory setting, a test box was built at the University 
of Massachusetts Amherst to prepared controlled specimens.  The box was constructed of 
a wood frame approximately 1.83 m (6 ft) square in plan with a maximum depth of 
approximately 0.91 m (3 ft).  To minimize noise in the GPR data, the box was constructed 
without metal fasteners.  An approximately 10 cm drainage layer of railroad ballast under 
rounded ¾” pea gravel was wrapped in filter fabric at the bottom of the box.  A metal 
cylinder (5 cm diameter) was placed with the crown level with the top of the drainage layer 
to provide a clear reflector for the GPR data.  A 4-inch diameter (10.16 cm diameter) PVC 
pipe was placed in one corner to allow water to be added or removed from the bottom of 
the box.  A final layer of filter fabric was then secured with water-proof duct tape to the 
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edges of the box to separate the drainage layer and PVC pipe from the prepared specimens.  
A sequence of box construction is shown in Figure 6.2.   
  
  
Figure 6.2: Photos of test box and drainage components.  Top Left: HDPE pond liner.  Top 
Right: Gravel wrapped in filter fabric.  Bottom Left: PVC pipe for raising and lowering water 
level.  Bottom Right: Filled box with GPR equipment. 
In order to prepare consistently placed specimens, a rainer system was developed based on 
the pluviation techniques described by Sweeney and Clough (1990).  Plywood sheets with 
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variably sized holes drilled in a 3-inch by 3-inch (7.62 cm by 7.62 cm) pattern were used to 
control the rate of sand placement.  A dense specimen was placed dry using an 8-inch square 
hand tamping compaction plate.  As shown in Figure 6.3, the holes could be opened and 
closed to begin pluviation. 
  
Figure 6.3: Photos of test box raining system in closed position (left) and open 
position (right). 
 
Specimens were tested for 3 saturation conditions; dry, wet (near 100% saturation), and 
saturated (partially saturated by allowing the specimen to freely drain after the wet 
condition).  The wet condition was achieved by slowly filling the PVC pipe with water and 
allowing the water to spread in the drainage layer.  The specimen would be saturated over 
5-6 hours and then allowed to equalize for 24 hours.  The saturated condition was achieved 
by pumping out from the PVC pipe until the drainage layer stopped seeping water into the 
PVC pipe (typically 5-6 hours).  For testing, the box was split into nine subsections as shown 
in Figure 6.4.  For each density and saturation combination, water content, thermal 
conductivity, and relative permittivity probe measurements were made in each subsection. 
GPR data was collected from subsection 6 to subsection 4.  Although not presented herein, 
additional measurements such as cone tests and Torvanes were conducted on the test box 
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specimens as well.  After testing was completed for the saturated condition, tube samples 
were collected from each subsection to calculate dry density.  
1 2 3 
4 5 6 
7 8 9 
 
Figure 6.4: Layout of test box subsections for testing. 
 
6.5 Test Soils 
Five soils were tested for this study; Plymouth Sand, Ottawa Sand, Filter Pack Sand, 
AgFarm Sand and Silt, and Vicksburg Loess.  Plymouth Sand is a well graded beach sand 
from Cape Cod, Massachusetts. Ottawa Sand is a commercially produce medium grained 
uniform sand with a very high silica content from Ottawa Illinois.  The Filter Pack Sand is 
a uniform course grained sand typically used in well construction.  The AgFarm Sand and 
Silt was collected from an alluvial sand and silt deposit formed at the University of 
Massachusetts Amherst Agricultural Farm located in Sunderland, Massachusetts.  Last, the 
Vicksburg Loess is from a deposit of wind-blown silt from Vicksburg, Mississippi.  The 
deposit is a non-plastic silt with a clay content less than 5%.  Particle gradation curves are 
show in Figure 4.  In addition to the five test soils, mixtures of Ottawa Sand and pure silica 
silt with silt contents of 5%, 10%, 20%, and 50% were tested. 
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Figure 6.5: Soil particle gradation of tested soils 
6.6 Results 
Thermal conductivity and relative permittivity measurements were conducted on 124 
bench scale specimens using the methodology described previously.  The thermal 
conductivity and relative permittivity for measured results can be compared to each other.  
It is also helpful to consider simulated data to understand the relationships between relative 
permittivity and thermal conductivity for different saturation regimes.   
6.6.1 Comparison of Direct Measurements 
There are a couple interesting observations that can be made from looking at the results on 
a single soil at a specific saturation level.  The following Figures 6.6, 6.7, and 6.8 show the 
dry Ottawa Sand results.  In Figures 6.6 and 6.7 a clear trend may be observed when the 
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thermal conductivity and relative permittivity are plotted against porosity. Second, we can 
relate these data sets to one another via their dependence on porosity as shown in Figure 
6.8.  As can be seen in Figure 6.8, it is possible to create a set of data where relative 
permittivity can be related to thermal conductivity.   
 
Figure 6.6: Measured thermal conductivity at variable porosity for dry Ottawa Sand 
 
Figure 6.7: Measured relative permittivity at variable porosity for dry Ottawa Sand 
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Figure 6.8: Relationship between the measured relative permittivity and thermal 
conductivity of dry Ottawa Sand 
 
Unfortunately, the ease with which this example was produced relies on a number of 
simplifications and when a broader range of soil minerology (including the thermal 
conductivity and relative permittivity of the solid particles), porosity, saturation are 
included in the dataset, the trends are less clear.  Figure 6.9 depicts all 124 measurements 
and the increased variability is easily observed. 
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Figure 6.9: Results of thermal conductivity and relative permittivity probe measurements 
6.6.2 Simulated Results 
One way to more easily visualized the relationship between relative permittivity and 
thermal conductivity is to compare a simulated dataset of two soils.  The first soil was 
simulated from a possible porosity range of 0.325 to 0.425 with saturation from 0 to 100% 
with a thermal conductivity of the solids of 7.69 W/mC.  The second simulated soil had a 
possible porosity range of 0.425 to 0.525 with saturation from 0 to 100% with a thermal 
conductivity of solids of 5 W/mC.  The thermal conductivity of each porosity-saturation 
combination was estimated using the method outlined by Cote and Konrad (2005) and the 
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relative permittivity was estimated using the method outlined by Rubin and Ho (2018).  
Each simulated data set contains 55 data points shown in Figure 6.10.   
 
Figure 6.10: Simulated results of thermal conductivity and relative permittivity probe 
Perhaps unsurprisingly, these two different sands produce datasets that are disparate.  
However, despite the different appearance, the overriding factor contributing to the 
different results is the thermal conductivity of the solids.  If the resultant simulated thermal 
conductivity is normalized by the maximum possible bulk thermal conductivity, a 
significant amount of convergence occurs as can be seen in Figure 11.  The maximum 
possible thermal conductivity of a soil will occur at minimum porosity and 100% 
saturation.  The value can be determined from a volume averaging method described in 
Cote and Konrad (2005) among other sources as follows: 
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Equation 6.1 
*X_¶ = *ZMlh*h`      
where ks and kw are the thermal conductivity of solids and water respectively and n is the 
minimum porosity.  It is also important to note that if the minimum porosity is known, the 
relative permittivity corresponding to maximum thermal conductivity can be estimated 
with a number of dielectric mixing models that typically require porosity, saturation, and/or 
volumetric water content as the primary inputs.   
 
Figure 6.11: Simulated results of normalized thermal conductivity and relative permittivity 
probe 
 
From the simulated results, there are three behavioral regimes that dictate the relationship 
between relative permittivity and normalized thermal conductivity.  In the first phase, from 
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Fig. 11. Simulated results of normalized thermal conductivity and relative 
permittivity probe  
From the simulated results, there are three behavioral 
regi es th  dic ate th  relationship between r lative 
permittivity and normalized thermal conductivity.  In the first 
phase, from a relative permittivity of about 2 (~0% saturation) 
to 5 (~50% saturation), the normalized thermal conductivity 
rises rapidly and near linearly with increasing relative 
permittivity.  The second phase is from a relative permittivity of 
5 until the relative permittivity corresponding to the maximum 
normalized thermal conductivity.  During this phase the 
normalized thermal conductivity increases less rapidly and with 
a logarithmic curvature.  For relative permittivity greater than 
those that correspond to the maximum thermal conductivity, the 
rate of increasing thermal conductivity with increasing 
saturation is very gradual and nearly flat.         
C. Normalized Measurements 
The measurements shown in Figure 9 can be re-plotted with 
normalized thermal conductivity similar to the simulated results.  
From these results, some practical conclusions to estimate 
thermal conductivity from relative permittivity measurements 
can be made.  As shown in Figure 12, using only the measured 
relative permittivity, a reasonable estimate of normalized 
thermal conductivity can be made by using a linear fit for regime 
1 (relative permittivity between 2 to 8 for measured data) and a 
logarithmic fit for regimes 2 and 3 (relative permittivity greater 
than 8).   
 +,+-./ = 0.125567 − 0.22																												567 < 8		0.0644 ln(567 ) + 0.6951													567 ≥ 8		 (2) 
 
As can be seen in Figure 13, the vast majority of calculated 
normalized thermal conductivity are within +/- 10% of 
measured values.    
 
Fig. 12. Measured relative permittivity versus normalized measured 
thermal conductivity  
 
Fig. 13. Normalized measured thermal conductivity versus calculated 
normalized thermal conductivity  
D. GPR Measurements 
 GPR data was collected for nine different porosity-saturation 
combinations as previously described in Section III.   For each 
measurement, the travel time between the signal antenna down 
to a metal bar (of known depth) and back to the receiving 
antenna was estimated from the trace data.  Based on the known 
travel time and travel distance, the velocity of the 
electromagnetic wave was calculated.  The relative permittivity 
of the soil was then calculated using the following equation: 567 = EFG    (3) 
 
where v is the electromagnetic wave velocity and c is the speed 
of light.  A comparison of the relative permittivity calculated 
from GPR data and that measured with the TH2O probe as 
shown in Figure 14. 
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a relative permittivity of about 2 (~0% saturation) to 5 (~50% saturation), the normalized 
thermal conductivity rises rapidly and near linearly with increasing relative permittivity.  
The second phase is from a relative permittivity of 5 until the relative permittivity 
corresponding to the maximum normalized thermal conductivity.  During this phase the 
normalized thermal conductivity increases less rapidly and with a logarithmic curvature.  
For relative permittivity greater than those that correspond to the maximum thermal 
conductivity, the rate of increasing thermal conductivity with increasing saturation is very 
gradual and nearly flat.         
6.6.3 Normalized Measurements 
The measurements shown in Figure 6.9 can be re-plotted with normalized thermal 
conductivity similar to the simulated results.  From these results, some practical 
conclusions to estimate thermal conductivity from relative permittivity measurements can 
be made.  As shown in Figure 6.12, using only the measured relative permittivity, a 
reasonable estimate of normalized thermal conductivity can be made by using a linear fit 
for regime 1 (relative permittivity between 2 to 8 for measured data) and a logarithmic fit 
for regimes 2 and 3 (relative permittivity greater than 8).   
Equation 6.2 
˜8˜ôÔO = 0.125tgx − 0.22																												tgx < 8		0.0644 ln(tgx ) + 0.6951													tgx ≥ 8		  
As can be seen in Figure 6.13, the vast majority of calculated normalized thermal 
conductivity are within +/- 10% of measured values.    
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Figure 6.12: Measured relative permittivity versus normalized measured thermal 
conductivity 
 
Figure 6.13: Normalized measured thermal conductivity versus calculated normalized 
thermal conductivity 
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6.6.4 GPR Measurements 
GPR data was collected for nine different porosity-saturation combinations as previously 
described in Section III.   For each measurement, the travel time between the signal antenna 
down to a metal bar (of known depth) and back to the receiving antenna was estimated 
from the trace data.  Based on the known travel time and travel distance, the velocity of the 
electromagnetic wave was calculated.  The relative permittivity of the soil was then 
calculated using the following equation: 
Equation 6.3 
tgx = °‰U      
where v is the electromagnetic wave velocity and c is the speed of light.  A comparison of 
the relative permittivity calculated from GPR data and that measured with the TH2O probe 
as shown in Figure 6.14. 
 183 
 
 
Figure 6.14: Comparison of relative permittivity estimated from GPR data and probe 
measurements 
 
The relative permittivity estimated by the GPR data was used to estimate thermal 
conductivity based on Equations 6.1 and 6.2.  The thermal conductivity estimated from the 
GPR data is compared to the measured thermal conductivity data in Figure 6.15.  As can 
be seen, the data compare quite well considering they are derived from estimated maximum 
thermal conductivity and relative permittivity measurements.  As expected, the accuracy 
of this method is more effective at drier conditions that heavily saturated conditions.  
Practically, if known, minimum and maximum porosity could be used in conjunction with 
Figures 6.11 and 6.12 to provide a better estimate at high saturations.  
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Figure 6.15: Thermal conductivity estimated from relative permittivity measurements 
versus directly measured thermal conductivity using the thermal needle. 
 
6.7 Conclusions 
Thermal conductivity and relative permittivity measurements were made on five soils over 
a wide range of porosity and saturation.  The initial test results confirm that a relationship 
between the relative permittivity and thermal conductivity of sandy soils can be developed. 
Further, normalized thermal conductivity can be estimated quite well from relative 
permittivity measurements alone regardless of soil specific properties.  It was shown that 
good estimates of a soil’s thermal conductivity can be made from relative permittivity 
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collected using GPR provided that the maximum thermal conductivity of the soil can be 
reasonably estimated. 
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CHAPTER 7 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
7.1 Summary  
The overall objective of this project was to evaluate the potential use of ground penetrating 
radar (GPR) as a means of non-intrusive thermal conductivity site evaluation by developing 
a correlation between the relative permittivity and thermal conductivity of the soil.  To 
accomplish this objective a research plan was developed to conduct bench scale 
measurements of relative permittivity and thermal conductivity to develop a relationship 
between the two parameters.  GPR data was collected to verify that thermal conductivity 
can be estimated using relative permittivity collected with the GPR as an input into the 
developed model.  
In total, 124 thermal conductivity and relative permittivity measurements were made on 5 
different sands.  These test data covered a wide range of measured porosity and saturation 
conditions such that numerical models of thermal conductivity and relative permittivity 
could be produced.  A third model relating the measured relative permittivity to thermal 
conductivity was then completed.  After the model was developed, large-scale box 
specimens were produced at 3 densities, with each density tested at dry, partially-saturated, 
and near full saturation conditions.  For each density-saturation combination, thermal 
conductivity and relative permittivity probe measurements were conducted.  GPR data, the 
water content, and dry density, measurements were also collected for each box test.  This 
allowed for the thermal conductivity-relative permittivity model to be validated based on 
GPR measurements. 
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7.2 Conclusions  
Based on the results of the research conducted, the following conclusions may be made: 
1. It was found that the new thermal conductivity model was comparable to the best 
existing models.  The models generally had a coefficient of determination of 0.90 
to 0.94 when comparing estimated to measured thermal conductivity.   
2. It was observed that all the soil thermal conductivity models are effective at high 
degrees of saturation, but large errors (50% to 100% or more) can occur at lower 
saturation conditions.  It was further observed that mixing models had larger errors 
at low saturations than models that considered multiple flow paths. 
3. The soil relative permittivity models were found to all perform reasonably well, 
with individual models performing better in some particular cases than others.  The 
new GSDM model was found to be effective over a wide range of sand gradations 
and saturation levels. 
4. Overall, while adequate to obtain rough estimates, significant errors can be 
generated by the soil relative permittivity models.  In particular, methods that 
heavily rely on empirical relationships based on volumetric moisture may not be 
flexible enough to properly mirror experimental results. 
5. Soil gradation/texture likely plays a role in the bulk relative permittivity of the soil-
matrix, however, the full extent will require further research to fully capture. 
6. The initial test results confirm that a relationship between the relative permittivity 
and thermal conductivity of sandy soils can be developed. Further, normalized 
thermal conductivity can be estimated quite well from relative permittivity 
measurements alone regardless of soil specific properties.   
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7. It was shown that good estimates of a soil’s thermal conductivity can be made from 
relative permittivity collected using GPR provided that the maximum thermal 
conductivity of the soil can be reasonably estimated. 
7.3 Recommendations for Future Work 
This research provides an in-depth analysis of thermal conductivity and relative 
permittivity mixing models and a framework to relate the two properties to each other 
based on saturation and porosity.  Further research is recommended to support the 
conclusions made by this project.  Recommended future research topics are as follows: 
1. Incorporate preferential heat flow paths into the thermal conductivity mixing 
models to develop a more accurate soil bulk thermal conductivity estimate. 
2. Evaluate how the proportions of minerals that make up the solid particles translates 
to the bulk thermal conductivity of macro level heat transfer within the soil matrix.   
3. Further refinement of relative permittivity mixing models that incorporate soil 
texture. 
4. Expand the ability to use GPR to estimate thermal conductivity, particularly, in the 
10 to 50% saturation regime.   
5. There are many soil properties besides thermal conductivity that are highly 
dependent on porosity and saturation.  In theory, GPR could be used to estimate a 
wide range of soils beyond thermal conductivity such as hydraulic conductivity or 
soil strength. 
 
APPENDIX A 
THERMAL CONDUCTIVITY DATA SHEETS 
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 1
Date: 3/23/16
Tested By: AJR
Water Content (%)
20% S15 Average
94.84 94.23
94.25 93.69
0.59 0.54
45.83 48.25
48.42 45.44
1.2 1.2 1.2
98.8 98.8 98.8
Testing Conditions
T 11422 g
%S 0.988
11284.936
137.064
Target 10%w
1128.4936
991.4296
Results
From Psudo-Steady State Plot Portion:
30
300
27.7
31.4
Calculation 1
0.169 Page 1 of 3
0.094
1.131
Notes:
4202
1149.4
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003457
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
2.4%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.40
0.1895
Initial Time, ti (s)
3973.2
1.47E-03
47.8
4.78E-05
1.94E-03
1.349
2.04
0.250
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 1
Date: 3/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.66 0
9.55 1.61
9.39 2.30
9.24 2.71
9.14 3.00
9.03 3.22
8.95 3.40
8.87 3.56
8.8 3.69
8.74 3.81
8.69 3.91
8.64 4.01
8.59 4.09
8.51 4.25
8.44 4.38
8.37 4.50
8.32 4.61
8.27 4.70
8.22 4.79
8.16 4.91
8.1 5.01
8.05 5.11
8.01 5.19
7.93 5.35
7.81 5.60
7.76 5.70
7.64 5.97
7.52 6.23
7.45 6.40
7.37 6.58
7.3 6.73
7.21 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
270
300
390
510
600
180
29.24034702
29.60762002
29.76246806
29.91840112
28.34827038
28.64157492
29.45384618
30.45683659
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
30.10696835
30.29713263
30.58541531
28.78973198
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
31.23939131
31.40582625
31.81018545
32.22161393
32.46494335
32.7460897
30.84477187
32.99480351
33.31835203
0:06:30
0:08:30
0:10:00
0:12:00
0:14:00
0:17:00
28.49442448
27.51970406
0:00:00 25.8248128
28.17418622
27.7450735
27.97285935
29.028903
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.11096054
26.5343739
26.9393116
27.2136926
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 1
Date: 3/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.60
k = q / 4πs = 0.169
25
26
27
28
29
30
31
32
33
34
35
1 10 100 1000 10000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 2
Date: 3/23/16
Tested By: AJR
Water Content (%)
20% S15 Average
94.84 94.23
94.25 93.69
0.59 0.54
45.83 48.25
48.42 45.44
1.2 1.2 1.2
98.8 98.8 98.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.5
30.5
Calculation 1
0.212 Page 1 of 3
0.118
1.416
Notes:
4977
1363.7
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
3.3%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.40
0.1905
Initial Time, ti (s)
4739.0
1.76E-03
57.0
5.70E-05
1.66E-03
0.980
2.04
0.250
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 2
Date: 3/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.74 0
9.56 1.61
9.4 2.30
9.28 2.71
9.17 3.00
9.08 3.22
9.02 3.40
8.94 3.56
8.89 3.69
8.84 3.81
8.79 3.91
8.75 4.01
8.71 4.09
8.65 4.25
8.58 4.38
8.53 4.50
8.49 4.61
8.45 4.70
8.41 4.79
8.36 4.91
8.32 5.01
8.28 5.11
8.25 5.19
8.19 5.35
8.13 5.48
8.09 5.60
8.05 5.70
7.93 6.04
7.88 6.17
7.81 6.40
7.75 6.58
7.7 6.73
7.64 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
420
480
600
180
28.81948511
29.08910756
29.21001559
29.33159331
28.05891033
28.31915822
28.96886382
29.731412
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.48451553
29.60762002
29.82471047
28.43584386
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
30.32898328
30.45683659
30.84477187
31.00837532
31.23939131
31.43925679
30.01248629
30.20184967
31.60713231
31.81018545
0:07:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
28.20310239
27.3800573
0:00:00 25.61917419
27.91568413
27.54774448
27.77341376
28.61206463
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.08478253
26.50765586
26.83055762
27.13100095
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 2
Date: 3/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.28
k = q / 4πs = 0.212
25
26
27
28
29
30
31
32
33
34
35
1 10 100 1000 10000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 3
Date: 11/19/16
Tested By: AJR
Water Content (%)
20% S15 Average
94.84 94.23
94.25 93.69
0.59 0.54
45.83 48.25
48.42 45.44
1.2 1.2 1.2
98.8 98.8 98.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.4
30.6
Calculation 1
0.186 Page 1 of 3
0.104
1.246
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4312.1
1.60E-03
51.9
5.19E-05
1.83E-03
1.176
2.8%
2.03
0.245
0.15
3.32
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
4545
1240.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 3
Date: 11/19/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.84 0
9.67 1.61
9.5 2.30
9.37 2.71
9.26 3.00
9.16 3.22
9.08 3.40
9.01 3.56
8.95 3.69
8.89 3.81
8.84 3.91
8.8 4.01
8.75 4.09
8.67 4.25
8.61 4.38
8.56 4.50
8.5 4.61
8.46 4.70
8.42 4.79
8.36 4.91
8.31 5.01
8.27 5.11
8.23 5.19
8.17 5.35
8.11 5.48
8.05 5.60
8.01 5.70
7.94 5.89
7.82 6.17
7.73 6.40
7.66 6.58
7.61 6.73
7.54 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 25.36498789 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.79899527
26.24235006
26.58791317
26.8848639
Recorded Time
27.5758221
27.7450735
28.05891033
OK
30.45683659
30.58541531
30.81219079
31.20624722
31.50626215
31.7423057
30.07543008
30.26532687
31.91237349
32.15254469
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.91568413
28.17418622
Cumulative Time (s)
5
10
15
20
2527.15852869
27.3800573
165
180
28.7303477
29.05898456
29.17972601
29.3011358
29.48451553
29.63850335
29.88712718
28.31915822
28.55316452
28.87911372
29.76246806
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
197
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 3
Date: 11/19/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.41
k = q / 4πs = 0.186
25
26
27
28
29
30
31
32
33
34
35
1 10 100 1000 10000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 4
Date: 11/19/16
Tested By: AJR
Water Content (%)
20% S15 Average
94.84 94.23
94.25 93.69
0.59 0.54
45.83 48.25
48.42 45.44
1.2 1.2 1.2
98.8 98.8 98.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.2
30.2
Calculation 1
0.204 Page 1 of 3
0.113
1.362
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1835
Initial Time, ti (s)
4319.0
1.60E-03
52.0
5.20E-05
1.70E-03
1.093
3.0%
2.04
0.245
0.15
3.32
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003347
182
4553
1290.3
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 4
Date: 11/19/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.84 0
9.66 1.61
9.51 2.30
9.38 2.71
9.28 3.00
9.19 3.22
9.13 3.40
9.05 3.56
9 3.69
8.94 3.81
8.9 3.91
8.86 4.01
8.82 4.09
8.74 4.25
8.69 4.38
8.64 4.50
8.59 4.61
8.55 4.70
8.5 4.79
8.46 4.91
8.41 5.01
8.37 5.11
8.33 5.19
8.27 5.35
8.22 5.48
8.17 5.60
8.13 5.70
8.06 5.89
7.95 6.17
7.87 6.40
7.81 6.58
7.75 6.73
7.69 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 25.36498789 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.8248128
26.21600531
26.56112631
26.83055762
Recorded Time
27.46373453
27.603937
27.88715391
OK
30.07543008
30.20184967
30.42480548
30.77965604
31.04123626
31.23939131
29.76246806
29.91840112
31.43925679
31.64085263
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.77341376
28.00150451
Cumulative Time (s)
5
10
15
20
2527.07605352
27.24132892
165
180
28.49442448
28.78973198
28.90898938
29.05898456
29.17972601
29.33159331
29.57677966
28.11647069
28.34827038
28.64157492
29.45384618
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
200
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 4
Date: 11/19/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.30
k = q / 4πs = 0.204
25
26
27
28
29
30
31
32
33
34
35
1 10 100 1000 10000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 5
Date: 11/19/16
Tested By: AJR
Water Content (%)
20% S15 Average
94.84 94.23
94.25 93.69
0.59 0.54
45.83 48.25
48.42 45.44
1.2 1.2 1.2
98.8 98.8 98.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.6
31.0
Calculation 1
0.178 Page 1 of 3
0.099
1.189
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.19
Initial Time, ti (s)
4108.6
1.52E-03
49.4
4.94E-05
1.89E-03
1.278
2.5%
2.04
0.245
0.15
3.32
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003466
182
4340
1185.4
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 5
Date: 11/19/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.78 0
9.59 1.61
9.43 2.30
9.29 2.71
9.18 3.00
9.08 3.22
9 3.40
8.92 3.56
8.86 3.69
8.8 3.81
8.75 3.91
8.7 4.01
8.65 4.09
8.57 4.25
8.51 4.38
8.45 4.50
8.4 4.61
8.35 4.70
8.31 4.79
8.25 4.91
8.2 5.01
8.16 5.11
8.11 5.19
8.04 5.35
7.99 5.48
7.93 5.60
7.89 5.70
7.8 5.89
7.69 6.17
7.6 6.40
7.53 6.58
7.47 6.73
7.39 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 25.51712145 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.00644702
26.4277073
26.80345732
27.10350925
Recorded Time
27.83020784
28.00150451
28.31915822
OK
30.84477187
30.97556126
31.2725829
31.64085263
31.94653478
32.18705424
30.48891304
30.64997848
32.39516762
32.67549505
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.17418622
28.46511429
Cumulative Time (s)
5
10
15
20
2527.3800573
27.603937
165
180
29.028903
29.36209302
29.5152275
29.63850335
29.82471047
29.98108058
30.26532687
28.61206463
28.84927899
29.21001559
30.10696835
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
203
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 5
Date: 11/19/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.49
k = q / 4πs = 0.178
25
26
27
28
29
30
31
32
33
34
35
1 10 100 1000 10000
Te
m
pe
ra
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 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 1
Date: 4/20/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
99.7 99.7 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
150
31.8
36.8
Calculation 1
0.209 Page 1 of 3
0.117
1.398
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4681.0
1.77E-03
0.0
0.00E+00
1.71E-03
0.97
0.0%
3.15
0.400
0.15
8.40
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
4862
1347.1
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
205
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 1
Date: 4/20/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.57 0
9.13 1.61
8.7 2.30
8.37 2.71
8.12 3.00
7.92 3.22
7.65 3.40
3.56
7.45 3.69
7.25 3.81
3.91
7.13 4.01
7.07 4.09
6.91 4.25
6.81 4.38
6.71 4.50
6.62 4.61
6.54 4.70
6.46 4.79
6.38 4.91
6.3 5.01
6.24 5.11
6.18 5.19
5.35
5.98 5.48
5.9 5.60
5.85 5.70
5.73 5.89
5.57 6.17
5.45 6.40
5.356 6.58
5.276 6.73
5.211 6.87
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 26.05863766 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
27.24132892
28.46511429
29.45384618
30.23356591
Recorded Time
32.46494335
Too Hot
38.55404349
38.77513073
39.31267021
40.04489143
40.60594371
41.05269816
38.20378765
41.43802191
41.7546004
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
33.17402466
33.60956811
Cumulative Time (s)
5
10
15
20
2530.87739936
31.77622108
165
180
34.80952084
35.5495241
35.86746126
36.18924409
36.51492716
36.84456549
37.34656055
33.83024631
34.42839389
35.19637425
37.09442322
30
35
40
45
50
55
240
270
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
206
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 1
Date: 4/20/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 3.19
k = q / 4πs = 0.209
25
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 2
Date: 4/20/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
99.7 99.7 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
120
30.0
33.3
Calculation 1
0.207 Page 1 of 3
0.115
1.381
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4859.0
1.83E-03
0.0
0.00E+00
1.64E-03
0.90
0.0%
2.38
0.300
0.15
4.76
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
5040
1398.3
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
208
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 2
Date: 4/20/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
8.96 0
8.73 1.61
8.5 2.30
8.32 2.71
8.18 3.00
8.06 3.22
7.96 3.40
7.88 3.56
7.81 3.69
7.73 3.81
7.68 3.91
7.62 4.01
7.58 4.09
7.49 4.25
7.42 4.38
7.36 4.50
7.31 4.61
7.26 4.70
7.22 4.79
7.16 4.91
7.12 5.01
7.07 5.11
7.04 5.19
6.97 5.35
6.92 5.48
6.87 5.60
6.83 5.70
6.76 5.89
6.66 6.17
6.58 6.40
6.51 6.58
6.46 6.73
6.42 6.87
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 27.71677101 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
28.37742199
29.05898456
29.60762002
30.04393609
Recorded Time
31.00837532
31.23939131
31.67462157
OK
34.58016408
34.73284063
35.00222528
35.39198073
35.70801536
35.98767623
34.20242373
34.3905922
36.18924409
36.35159467
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
31.50626215
31.87826156
Cumulative Time (s)
5
10
15
20
2530.42480548
30.74716752
165
180
32.56998888
32.9591167
33.13807515
33.28219059
33.49995965
33.64621217
33.94132144
32.01500588
32.32559471
32.78146447
33.83024631
30
35
40
45
50
55
240
270
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
209
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 2
Date: 4/20/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.83
k = q / 4πs = 0.207
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 3
Date: 4/20/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
99.7 99.7 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
120
30.6
33.8
Calculation 1
0.209 Page 1 of 3
0.117
1.399
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
5094.0
1.92E-03
0.0
0.00E+00
1.55E-03
0.81
0.0%
2.38
0.300
0.15
4.76
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
5275
1465.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
211
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 3
Date: 4/20/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
8.76 0
8.53 1.61
8.31 2.30
8.14 2.71
8 3.00
7.88 3.22
7.78 3.40
7.7 3.56
7.63 3.69
7.56 3.81
7.51 3.91
7.45 4.01
7.41 4.09
7.33 4.25
7.26 4.38
7.21 4.50
7.16 4.61
7.11 4.70
7.07 4.79
7.02 4.91
6.98 5.01
6.93 5.11
6.9 5.19
6.83 5.35
6.78 5.48
6.74 5.60
6.67 5.80
6.64 5.89
6.53 6.17
6.47 6.40
6.41 6.58
6.36 6.73
6.32 6.87
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:30
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 28.29008542 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
28.96886382
29.63850335
30.17017805
30.617674
Recorded Time
31.60713231
31.84419891
32.25622383
OK
35.0797108
35.35274221
35.47063435
35.90747268
36.14880906
36.39233547
34.73284063
34.92497089
36.59696378
36.76178207
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
32.08367559
32.46494335
Cumulative Time (s)
5
10
15
20
2531.00837532
31.339109
165
180
33.13807515
33.49995965
33.68291036
33.83024631
34.01564598
34.16495732
34.46625183
32.60510629
32.88789975
33.31835203
34.35284664
30
35
40
45
50
55
240
270
330
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
212
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 3
Date: 4/20/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.81
k = q / 4πs = 0.209
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 4
Date: 4/20/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
99.7 99.7 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
120
30.8
34.0
Calculation 1
0.208 Page 1 of 3
0.116
1.388
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
5275.0
1.99E-03
0.0
0.00E+00
1.48E-03
0.75
0.0%
2.38
0.300
0.15
4.76
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
5456
1518.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
214
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 4
Date: 4/20/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
8.72 0
8.48 1.61
8.26 2.30
8.09 2.71
7.95 3.00
7.83 3.22
3.40
7.65 3.56
7.58 3.69
7.52 3.81
7.46 3.91
7.41 4.01
7.36 4.09
7.28 4.25
7.22 4.38
7.15 4.50
7.11 4.61
7.07 4.70
7.03 4.79
6.98 4.91
6.93 5.01
6.89 5.11
6.86 5.19
6.8 5.35
6.75 5.48
6.68 5.65
6.67 5.70
6.57 5.97
6.51 6.17
6.42 6.40
6.37 6.58
6.32 6.73
6.28 6.87
Temp Check = 
0:03:30
0:04:00
0:04:45
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 28.40661312 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
29.11927208
29.79356752
30.32898328
30.77965604
Recorded Time
31.77622108
32.01500588
32.43003009
OK
35.3135624
35.35274221
35.74778707
35.98767623
36.35159467
36.55591451
34.84794678
35.0409391
36.76178207
36.92759957
0:06:30
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
32.22161393
32.60510629
Cumulative Time (s)
5
10
15
20
2531.17315056
165
180
33.28219059
33.68291036
33.83024631
33.9784562
34.16495732
34.35284664
34.61824799
32.78146447
33.06633425
33.53644195
34.5041661
30
35
40
45
50
55
240
285
300
390
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
215
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 4
Date: 4/20/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.82
k = q / 4πs = 0.208
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 5
Date: 4/20/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
100
30.6
32.7
Calculation 1
0.209 Page 1 of 3
0.116
1.395
Notes:
5556
1546.8
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.45
0.1905
Initial Time, ti (s)
5375.0
2.03E-03
0.0
0.00E+00
1.45E-03
0.713
2.03
0.255
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
217
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 5
Date: 4/20/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
8.57 0
8.41 1.61
8.24 2.30
8.11 2.71
8.01 3.00
7.93 3.22
7.86 3.40
7.79 3.56
7.74 3.69
7.69 3.81
7.65 3.91
7.61 4.01
7.58 4.09
7.52 4.25
7.47 4.38
7.43 4.50
7.39 4.61
7.36 4.70
7.33 4.79
7.29 4.91
7.26 5.01
7.23 5.11
7.2 5.19
7.15 5.35
7.12 5.48
5.65
7.05 5.70
6.96 6.04
6.93 6.17
6.87 6.40
6.83 6.58
6.79 6.73
6.76 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
285
300
420
480
600
180
32.39516762
32.67549505
32.78146447
32.88789975
31.64085263
31.91237349
32.53492265
33.24608228
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
33.03054265
33.13807515
33.3545667
32.01500588
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
33.90424161
34.23994576
34.35284664
34.58016408
34.73284063
33.53644195
33.64621217
34.8864301
35.00222528
0:07:00
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
31.77622108
30.84477187
0:00:00 28.84927899
31.47273539
31.07414417
31.3058221
32.22161393
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
29.33159331
29.855897
30.26532687
30.58541531
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:45
1
218
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 5
Date: 4/20/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.32
k = q / 4πs = 0.209
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 6
Date: 4/20/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
100
28.3
30.4
Calculation 1
0.214 Page 1 of 3
0.119
1.430
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
5438.0
2.05E-03
0.0
0.00E+00
1.42E-03
0.693
0.0%
2.03
0.250
0.15
3.38
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
5619
1564.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 6
Date: 4/20/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.34 0
9.15 1.61
8.96 2.30
8.85 2.71
8.74 3.00
8.64 3.22
8.57 3.40
8.51 3.56
8.45 3.69
8.4 3.81
8.36 3.91
8.32 4.01
8.28 4.09
8.22 4.25
8.16 4.38
8.12 4.50
8.08 4.61
8.04 4.70
8.01 4.79
7.97 4.91
7.93 5.01
7.9 5.11
7.87 5.19
7.82 5.35
7.77 5.48
7.74 5.60
7.71 5.70
7.62 5.97
7.55 6.17
7.5 6.40
7.44 6.58
7.39 6.73
7.33 6.87
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 26.66848122 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
27.18609255
27.71677101
28.03018814
28.34827038
Recorded Time
29.028903
29.21001559
29.48451553
OK
31.47273539
31.57346051
31.87826156
32.11808517
32.29088406
32.4999075
31.20624722
31.37244368
32.67549505
32.88789975
0:06:30
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
29.36209302
29.60762002
Cumulative Time (s)
5
10
15
20
2528.64157492
28.84927899
165
180
30.10696835
30.36087891
30.48891304
30.58541531
30.71472515
30.84477187
31.04123626
29.731412
29.91840112
30.23356591
30.94279397
30
35
40
45
50
55
240
270
300
390
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 6
Date: 4/20/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.26
k = q / 4πs = 0.214
26
27
28
29
30
31
32
33
34
1 10 100 1000
Te
m
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 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 7
Date: 4/20/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
100
29.8
32.2
Calculation 1 Calc 2
0.186 0.186 Page 1 of 3
0.103
1.241
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4690.0
1.77E-03
0.0
0.00E+00
1.71E-03
0.963
0.0%
2.03
0.250
0.15
3.38
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
4871
1349.6
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 7
Date: 4/20/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
8.84 0
8.66 1.61
8.49 2.30
8.35 2.71
8.25 3.00
8.15 3.22
8.07 3.40
8.01 3.56
7.94 3.69
7.89 3.81
7.84 3.91
7.8 4.01
7.76 4.09
7.69 4.25
7.64 4.38
7.59 4.50
7.54 4.61
7.5 4.70
7.47 4.79
7.42 4.91
7.38 5.01
7.35 5.11
7.32 5.19
7.26 5.35
7.22 5.48
7.18 5.60
7.14 5.70
7.05 5.97
6.98 6.17
6.92 6.40
6.83 6.66
6.79 6.80
6.77 6.87
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 28.05891033 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
28.58259453
29.08910756
29.5152275
29.82471047
Recorded Time
30.58541531
30.81219079
31.14010122
OK
33.42715613
33.57297807
33.90424161
34.16495732
34.3905922
34.73284063
33.13807515
33.28219059
34.8864301
34.96356924
0:06:30
0:08:00
0:10:00
0:13:00
0:15:00
0:16:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
30.97556126
31.2725829
Cumulative Time (s)
5
10
15
20
2530.13855097
30.39281962
165
180
31.81018545
32.15254469
32.29088406
32.39516762
32.56998888
32.71076659
32.92348215
31.40582625
31.64085263
31.98074555
32.816891
30
35
40
45
50
55
240
270
300
390
480
600
780
900
960
210
60
70
80
90
100
110
120
135
150
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 7
Date: 4/20/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.45
k = q / 4πs = 0.186
26
27
28
29
30
31
32
33
34
35
1 10 100 1000
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 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 8
Date: 5/4/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
26.9
28.5
Calculation 1 Calc 2
0.207 0.205 Page 1 of 3
0.115
1.381
Notes:
5299
1472.8
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.38
0.1905
Initial Time, ti (s)
5118.0
1.93E-03
0.0
0.00E+00
1.54E-03
0.799
2.03
0.250
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 8
Date: 5/4/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.08 0
9.88 1.61
9.71 2.30
9.55 2.71
9.44 3.00
9.34 3.22
9.26 3.40
9.18 3.56
9.12 3.69
9.06 3.81
9.02 3.91
8.97 4.01
8.93 4.09
8.86 4.25
8.8 4.38
8.75 4.50
8.7 4.61
8.66 4.70
8.63 4.79
8.58 4.91
8.54 5.01
8.5 5.11
8.47 5.19
8.41 5.35
8.36 5.48
8.32 5.60
8.29 5.70
8.17 6.04
8.13 6.17
8.06 6.40
8 6.58
7.95 6.73
7.92 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
420
480
600
180
28.17418622
28.46511429
28.58259453
28.67112547
27.43580525
27.68850619
28.31915822
29.05898456
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.81948511
28.93890605
29.1494782
27.80179184
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
29.60762002
29.70039925
30.07543008
30.20184967
30.42480548
30.617674
29.33159331
29.48451553
30.77965604
30.87739936
0:07:00
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
27.54774448
26.66848122
0:00:00 24.7675186
27.26900159
26.8848639
27.10350925
28.00150451
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.26418939
25.69604788
26.11096054
26.40112603
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 8
Date: 5/4/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.30
k = q / 4πs = 0.207
23
24
25
26
27
28
29
30
31
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 9
Date: 5/4/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
27.2
28.8
Calculation 1 Calc 2
0.198 0.198 Page 1 of 3
0.110
1.320
Notes:
5128
1423.6
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.38
0.1905
Initial Time, ti (s)
4947.0
1.87E-03
0.0
0.00E+00
1.61E-03
0.861
2.03
0.250
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 9
Date: 5/4/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.98 0
9.78 1.61
9.58 2.30
9.44 2.71
9.32 3.00
9.22 3.22
9.14 3.40
9.07 3.56
9 3.69
8.94 3.81
8.89 3.91
8.85 4.01
8.81 4.09
8.73 4.25
8.67 4.38
8.62 4.50
8.57 4.61
8.53 4.70
8.5 4.79
8.45 4.91
8.41 5.01
8.37 5.11
8.33 5.19
8.28 5.35
8.23 5.48
8.19 5.60
8.15 5.70
8.09 5.89
7.99 6.17
7.92 6.40
7.86 6.58
7.81 6.73
7.77 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
480
600
180
28.55316452
28.84927899
28.96886382
29.05898456
27.77341376
28.03018814
28.70071637
29.45384618
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.21001559
29.33159331
29.57677966
28.14530902
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
30.01248629
30.13855097
30.32898328
30.64997848
30.87739936
31.07414417
29.731412
29.88712718
31.23939131
31.37244368
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
27.91568413
26.99390132
0:00:00 25.01434454
27.603937
27.2136926
27.40791287
28.37742199
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.51712145
26.03252585
26.40112603
26.72236688
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 9
Date: 5/4/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.36
k = q / 4πs = 0.198
23
24
25
26
27
28
29
30
31
1 10 100 1000
Te
m
pe
ra
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 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 10
Date: 5/4/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
27.4
29.1
Calculation 1 Calc 2
0.197 0.196 Page 1 of 3
0.110
1.315
Notes:
4947
1371.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.38
0.1905
Initial Time, ti (s)
4766.0
1.80E-03
0.0
0.00E+00
1.68E-03
0.932
2.03
0.250
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 10
Date: 5/4/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.9 0
9.7 1.61
9.51 2.30
9.36 2.71
9.24 3.00
9.15 3.22
9.07 3.40
8.99 3.56
8.93 3.69
8.87 3.81
8.82 3.91
8.78 4.01
8.73 4.09
8.66 4.25
8.6 4.38
8.55 4.50
8.5 4.61
8.46 4.70
8.42 4.79
8.37 4.91
8.33 5.01
8.29 5.11
8.26 5.19
8.2 5.35
8.15 5.48
8.11 5.60
8.07 5.70
8 5.89
7.87 6.29
7.83 6.40
7.77 6.58
7.72 6.73
7.68 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
540
600
180
28.76001954
29.05898456
29.17972601
29.3011358
27.97285935
28.23205759
28.90898938
29.70039925
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.45384618
29.57677966
29.79356752
28.37742199
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
30.26532687
30.39281962
30.617674
31.04123626
31.17315056
31.37244368
29.98108058
30.13855097
31.53983716
31.67462157
0:06:00
0:09:00
0:10:00
0:12:00
0:14:00
0:16:00
28.11647069
27.18609255
0:00:00 25.21397565
27.80179184
27.40791287
27.63208926
28.58259453
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.72173647
26.21600531
26.61473456
26.9393116
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 10
Date: 5/4/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.37
k = q / 4πs = 0.197
23
24
25
26
27
28
29
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 1
Date: 1/22/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
360
26.0
28.7
Calculation 1
0.262 Page 1 of 3
0.146
1.753
Notes:
5412
1521.3
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Gas Vg (m3)
Void Ratio e 0.74
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Voltage (V)
0.15
3.48
0.1885
Initial Time, ti (s)
5231.0
1.97E-03
0.0
0.00E+00
1.46E-03
2.01
0.26
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 1
Date: 1/22/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.37 0
10.12 1.61
9.95 2.30
9.82 2.71
9.72 3.00
9.64 3.22
9.57 3.40
9.51 3.56
9.45 3.69
9.41 3.81
9.37 3.91
9.33 4.01
9.3 4.09
9.23 4.25
9.18 4.38
9.14 4.50
9.1 4.61
9.06 4.70
9.03 4.79
8.98 4.91
8.94 5.01
8.91 5.11
8.88 5.19
8.82 5.35
8.77 5.48
8.73 5.60
8.69 5.70
8.63 5.89
8.53 6.17
8.45 6.40
8.38 6.58
8.33 6.73
8.27 6.93
240
270
300
360
480
600
720
840
1020
26.58791317
210
60
70
80
90
100
110
120
135
150
165
180
27.10350925
27.32445629
27.43580525
27.51970406
27.66027897
27.77341376
27.94425258
26.77639215
26.96658867
27.2136926
27.85866184
30
35
40
45
50
55
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
29.42321937
28.37742199
28.49442448
28.67112547
28.96886382
29.21001559
28.11647069
28.26105191
29.57677966
29.76246806
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
0:00:00 24.06817986
26.69540663
26.37457878
25.87654515
26.05863766
26.21600531
26.48097214
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.66961843
25.08897792
25.41557374
25.67039135
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 1
Date: 1/22/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.06
k = q / 4πs = 0.262
24
25
26
27
28
29
30
1 10 100 1000 10000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
237
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 2
Date: 1/22/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
7.89 11.18
85.31 100.92
50.10 50.50
-42.21 -39.32
-202.1 -256.7 -229.4
-97.9 -63.8 -80.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
25
210
25.5
27.4
Calculation 1
0.309 Page 1 of 3
0.172
2.067
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
-1.82E-03
10757.1
1.08E-02
 
-2.89
204.8%
2.01
0.25
0.15
3.35
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
0.1885
Initial Time, ti (s)
-4810.1
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
0.003439
181
6128
-1398.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Water (g)
Thermal Conductivity (W/m°C)
0.1524
238
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 2
Date: 1/22/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.36 0
10.19 1.61
10.03 2.30
9.91 2.71
9.83 3.00
9.75 3.22
9.69 3.40
9.64 3.56
9.6 3.69
9.56 3.81
9.52 3.91
9.49 4.01
9.46 4.09
9.41 4.25
9.37 4.38
9.33 4.50
9.3 4.61
9.26 4.70
9.24 4.79
9.2 4.91
9.17 5.01
9.14 5.11
9.11 5.19
9.07 5.35
9.03 5.48
9 5.60
8.97 5.70
8.92 5.89
8.84 6.17
8.78 6.40
8.73 6.58
8.7 6.73
8.64 6.93
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.09189915 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.49941678
24.89055843
25.18891491
25.39026521
Recorded Time
26.26872838
25.9804011
28.37742199
25.59361341
27.603937
27.68850619
27.83020784
28.05891033
28.23205759
27.40791287
27.51970406
28.46511429
28.64157492
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
26.08478253
26.18969406
Cumulative Time (s)
5
10
15
20
25
25.74745718
25.87654515
165
180
26.58791317
26.77639215
26.8848639
26.9393116
27.04863366
27.13100095
27.29671069
26.34806546
26.48097214
26.69540663
27.2136926
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 2
Date: 1/22/16
Tested By: AJR
ti (s) = 25 3.22 Page 3 of 3
tf (s) = 210 5.35
Ti (°C) = 25.5
Tf (°C) = 27.4
s = 0.86
k = q / 4πs = 0.309
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 3
Date: 1/22/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
7.89 11.18
85.31 100.92
50.10 50.50
-42.21 -39.32
-202.1 -256.7 -229.4
-97.9 -63.8 -80.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
25
300
25.7
28.0
Calculation 1
0.293 Page 1 of 3
0.163
1.960
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
-1.74E-03
10283.2
1.03E-02
 
-2.98
198.8%
2.01
0.26
0.15
3.48
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
0.1885
Initial Time, ti (s)
-4598.2
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
0.003439
181
5866
-1337.3
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Water (g)
Thermal Conductivity (W/m°C)
0.1524
241
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 3
Date: 1/22/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.39 0
10.19 1.61
10.02 2.30
9.88 2.71
9.78 3.00
9.71 3.22
9.65 3.40
9.59 3.56
9.54 3.69
9.49 3.81
9.46 3.91
9.42 4.01
9.39 4.09
9.33 4.25
9.29 4.38
9.24 4.50
9.21 4.61
9.18 4.70
9.15 4.79
9.11 4.91
9.07 5.01
9.05 5.11
9.01 5.19
8.96 5.35
8.92 5.48
8.88 5.60
8.85 5.70
8.8 5.89
8.71 6.17
8.65 6.40
8.6 6.58
8.55 6.73
8.49 6.96
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.0208241 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.49941678
24.91525568
25.26418939
25.51712145
Recorded Time
26.45432264
26.13717174
28.76001954
25.69604788
27.94425258
28.03018814
28.17418622
28.43584386
28.61206463
27.71677101
27.83020784
28.90898938
29.08910756
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:30
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
26.26872838
26.34806546
Cumulative Time (s)
5
10
15
20
25
25.85066273
26.00644702
165
180
26.80345732
27.02124962
27.10350925
27.18609255
27.29671069
27.40791287
27.5758221
26.5343739
26.69540663
26.9393116
27.46373453
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1050
210
60
70
80
90
100
110
120
135
150
242
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 3
Date: 1/22/16
Tested By: AJR
ti (s) = 25 3.22 Page 3 of 3
tf (s) = 300 5.70
Ti (°C) = 25.7
Tf (°C) = 28.0
s = 0.95
k = q / 4πs = 0.293
24
25
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27
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29
30
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 4
Date: 1/22/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
360
26.0
28.7
Calculation 1
0.277 Page 1 of 3
0.154
1.850
Notes:
5490
1544.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Gas Vg (m3)
Void Ratio e 0.72
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Voltage (V)
0.15
3.33
0.1885
Initial Time, ti (s)
5309.0
2.00E-03
0.0
0.00E+00
1.44E-03
2.00
0.25
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 4
Date: 1/22/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.47 0
10.28 1.61
10.12 2.30
10 2.71
9.91 3.00
9.83 3.22
9.76 3.40
9.71 3.56
9.65 3.69
9.61 3.81
9.57 3.91
9.54 4.01
9.51 4.09
9.45 4.25
9.4 4.38
9.36 4.50
9.32 4.61
9.29 4.70
9.26 4.79
9.21 4.91
9.18 5.01
9.14 5.11
9.12 5.19
9.06 5.35
9.02 5.48
8.98 5.60
8.94 5.70
8.88 5.89
8.79 6.17
8.72 6.40
8.66 6.58
8.6 6.73
8.55 6.93
240
270
300
360
480
600
720
840
1020
26.05863766
210
60
70
80
90
100
110
120
135
150
165
180
26.50765586
26.72236688
26.80345732
26.8848639
27.02124962
27.10350925
27.26900159
26.21600531
26.37457878
26.61473456
27.2136926
30
35
40
45
50
55
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
28.58259453
27.66027897
27.77341376
27.94425258
28.20310239
28.40661312
27.43580525
27.54774448
28.76001954
28.90898938
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
0:00:00 23.83249623
26.13717174
25.85066273
25.39026521
25.56808441
25.69604788
25.95438803
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.28265591
24.66961843
24.96474
25.18891491
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
245
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 4
Date: 1/22/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.96
k = q / 4πs = 0.277
24
25
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29
30
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 5
Date: 1/22/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
360
26.0
28.7
Calculation 1
0.279 Page 1 of 3
0.155
1.865
Notes:
5535
1557.1
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Gas Vg (m3)
Void Ratio e 0.70
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Voltage (V)
0.15
3.34
0.1885
Initial Time, ti (s)
5354.0
2.02E-03
0.0
0.00E+00
1.42E-03
2.01
0.25
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 5
Date: 1/22/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.44 0
10.22 1.61
10.05 2.30
9.94 2.71
9.84 3.00
9.76 3.22
9.7 3.40
9.64 3.56
9.59 3.69
9.55 3.81
9.51 3.91
9.47 4.01
9.44 4.09
9.39 4.25
9.34 4.38
9.3 4.50
9.26 4.61
9.24 4.70
9.2 4.79
9.15 4.91
9.12 5.01
9.09 5.11
9.06 5.19
9.01 5.35
8.96 5.48
8.92 5.60
8.89 5.70
8.83 5.89
8.75 6.17
8.68 6.40
8.67 6.58
8.63 6.73
8.57 6.93
240
270
300
360
480
600
720
840
1020
26.21600531
210
60
70
80
90
100
110
120
135
150
165
180
26.66848122
26.8848639
26.9393116
27.04863366
27.18609255
27.26900159
27.43580525
26.40112603
26.5343739
26.77639215
27.35223846
30
35
40
45
50
55
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
28.55316452
27.83020784
27.91568413
28.08767115
28.31915822
28.52377454
27.5758221
27.71677101
28.67112547
28.84927899
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
0:00:00 23.90291493
26.32158601
26.00644702
25.56808441
25.72173647
25.87654515
26.11096054
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.42690639
24.84125341
25.11391641
25.36498789
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
248
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 5
Date: 1/22/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.95
k = q / 4πs = 0.279
24
25
26
27
28
29
30
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 6
Date: 1/22/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
360
26.0
28.7
Calculation 1
0.299 Page 1 of 3
0.166
1.997
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
2.10E-03
0.0
0.00E+00
1.34E-03
0.64
0.0%
2.00
0.24
0.15
3.20
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
0.1885
Initial Time, ti (s)
5556.0
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
0.003439
181
5737
1615.8
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Water (g)
Thermal Conductivity (W/m°C)
0.1524
250
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 6
Date: 1/22/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.77 0
9.61 1.61
9.47 2.30
9.37 2.71
9.28 3.00
9.22 3.22
9.16 3.40
9.12 3.56
9.07 3.69
9.04 3.81
9 3.91
8.97 4.01
8.95 4.09
8.9 4.25
8.86 4.38
8.82 4.50
8.79 4.61
8.77 4.70
8.74 4.79
8.71 4.91
8.68 5.01
8.65 5.11
8.62 5.19
8.58 5.35
8.54 5.48
8.51 5.60
8.48 5.70
8.43 5.89
8.35 6.17
8.29 6.40
8.25 6.58
8.21 6.73
8.16 6.93
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 25.54258711 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.95438803
26.32158601
26.58791317
26.83055762
Recorded Time
27.68850619
27.40791287
29.82471047
26.99390132
29.028903
29.11927208
29.2707204
29.5152275
29.70039925
28.81948511
28.93890605
29.94971889
30.10696835
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.49170077
27.603937
Cumulative Time (s)
5
10
15
20
25
27.15852869
27.26900159
165
180
28.00150451
28.20310239
28.26105191
28.34827038
28.43584386
28.52377454
28.70071637
27.7450735
27.88715391
28.11647069
28.61206463
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
251
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 6
Date: 1/22/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.85
k = q / 4πs = 0.299
24
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 6b
Date: 1/22/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.4
29.4
Calculation 1
0.299 Page 1 of 3
0.167
2.002
Notes:
5737
1615.8
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.20
0.1885
Initial Time, ti (s)
5556.0
2.10E-03
0.0
0.00E+00
1.34E-03
0.6400
2.00
0.24
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 6b
Date: 1/22/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.64 0
9.49 1.61
9.35 2.30
9.25 2.71
9.17 3.00
9.11 3.22
9.06 3.40
9.01 3.56
8.97 3.69
8.93 3.81
8.9 3.91
8.87 4.01
8.84 4.09
8.8 4.25
8.76 4.38
8.72 4.50
8.69 4.61
8.66 4.70
8.64 4.79
8.61 4.91
8.58 5.01
8.55 5.11
8.52 5.19
8.48 5.35
8.45 5.48
8.42 5.60
8.39 5.70
8.34 5.89
8.26 6.17
8.21 6.40
8.17 6.58
8.13 6.73
8.08 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
28.29008542
28.49442448
28.58259453
28.64157492
27.80179184
27.97285935
28.40661312
28.90898938
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.7303477
28.81948511
28.99886278
28.05891033
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
29.3011358
29.39263501
29.54598218
29.79356752
29.94971889
30.07543008
29.11927208
29.21001559
30.20184967
30.36087891
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
27.88715391
27.29671069
0:00:00 25.87654515
27.68850619
27.43580525
27.5758221
28.17418622
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.26872838
26.64159055
26.91207004
27.13100095
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 6b
Date: 1/22/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.85
k = q / 4πs = 0.299
24
25
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27
28
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30
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 6b
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.091
1.572
2.472
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.64
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1615.8
Waveform Frequency
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 7
Date: 1/27/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
5261
1530
Results
From Psudo-Steady State Plot Portion:
30
300
27.4
29.6
Calculation 1
0.287 Page 1 of 3
0.160
1.917
Notes:
5442
1530.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.42
0.1885
Initial Time, ti (s)
5261.0
1.99E-03
0.0
0.00E+00
1.45E-03
0.732
2.05
0.25
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 7
Date: 1/27/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.7 0
9.53 1.61
9.38 2.30
9.28 2.71
9.19 3.00
9.12 3.22
9.06 3.40
9.01 3.56
8.97 3.69
8.93 3.81
8.9 3.91
8.86 4.01
8.83 4.09
8.78 4.25
8.75 4.38
8.7 4.50
8.67 4.61
8.64 4.70
8.61 4.79
8.57 4.91
8.54 5.01
8.51 5.11
8.48 5.19
8.43 5.35
8.39 5.48
8.35 5.60
8.32 5.70
8.26 5.89
8.18 6.17
8.1 6.40
8.05 6.58
8.01 6.73
7.95 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
28.31915822
28.55316452
28.64157492
28.7303477
27.80179184
28.00150451
28.46511429
29.028903
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.84927899
28.93890605
29.11927208
28.08767115
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
29.5152275
29.60762002
29.79356752
30.04393609
30.29713263
30.45683659
29.2707204
29.39263501
30.58541531
30.77965604
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
27.88715391
27.26900159
0:00:00 25.72173647
27.68850619
27.43580525
27.5758221
28.23205759
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.16341623
26.56112631
26.83055762
27.07605352
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 7
Date: 1/27/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.95
k = q / 4πs = 0.287
24
25
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Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 8
Date: 1/27/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
5213
1516
Results
From Psudo-Steady State Plot Portion:
30
300
27.4
29.6
Calculation 1
0.284 Page 1 of 3
0.158
1.897
Notes:
5394
1516.1
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.42
0.1885
Initial Time, ti (s)
5213.0
1.97E-03
0.0
0.00E+00
1.47E-03
0.748
2.05
0.25
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 8
Date: 1/27/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.74 0
9.56 1.61
9.41 2.30
9.3 2.71
9.21 3.00
9.14 3.22
9.08 3.40
9.03 3.56
8.98 3.69
8.94 3.81
8.91 3.91
8.88 4.01
8.85 4.09
8.8 4.25
8.75 4.38
8.71 4.50
8.68 4.61
8.65 4.70
8.62 4.79
8.58 4.91
8.55 5.01
8.51 5.11
8.49 5.19
8.44 5.35
8.4 5.48
8.36 5.60
8.33 5.70
8.27 5.89
8.19 6.17
8.12 6.40
8.06 6.58
8.02 6.73
7.88 7.19
Temp Check = 
720
840
210
60
70
80
90
100
110
1320
240
270
300
360
480
600
180
28.31915822
28.52377454
28.61206463
28.70071637
27.77341376
27.94425258
28.43584386
29.028903
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.81948511
28.90898938
29.08910756
28.03018814
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
29.48451553
29.57677966
29.76246806
30.01248629
30.23356591
30.42480548
29.24034702
29.36209302
30.55320231
31.00837532
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:22:00
27.85866184
27.2136926
0:00:00 25.61917419
27.66027897
27.3800573
27.51970406
28.17418622
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.08478253
26.48097214
26.77639215
27.02124962
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 8
Date: 1/27/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.96
k = q / 4πs = 0.284
24
25
26
27
28
29
30
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m
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ra
tu
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C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 9
Date: 1/27/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
5453
1586
Results
From Psudo-Steady State Plot Portion:
30
300
27.4
29.5
Calculation 1
0.293 Page 1 of 3
0.163
1.957
Notes:
5634
1585.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.42
0.1885
Initial Time, ti (s)
5453.0
2.06E-03
0.0
0.00E+00
1.38E-03
0.671
2.05
0.25
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 9
Date: 1/27/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.73 0
9.54 1.61
9.4 2.30
9.29 2.71
9.21 3.00
9.14 3.22
9.08 3.40
9.03 3.56
8.98 3.69
8.94 3.81
8.91 3.91
8.88 4.01
8.85 4.09
8.8 4.25
8.76 4.38
8.71 4.50
8.69 4.61
8.66 4.70
8.63 4.79
8.59 4.91
8.56 5.01
8.53 5.11
8.5 5.19
8.46 5.35
8.41 5.48
8.38 5.60
8.35 5.70
8.3 5.89
8.21 6.17
8.15 6.40
8.1 6.58
8.06 6.73
8 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
28.29008542
28.49442448
28.58259453
28.67112547
27.77341376
27.94425258
28.43584386
28.96886382
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.78973198
28.87911372
29.05898456
28.03018814
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
29.42321937
29.5152275
29.66942973
29.94971889
30.13855097
30.29713263
29.17972601
29.33159331
30.42480548
30.617674
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
27.85866184
27.2136926
0:00:00 25.64476681
27.66027897
27.3800573
27.51970406
28.17418622
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.13717174
26.50765586
26.80345732
27.02124962
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 9
Date: 1/27/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.93
k = q / 4πs = 0.293
24
25
26
27
28
29
30
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Te
m
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C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 10
Date: 1/27/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
5821
1693
Results
From Psudo-Steady State Plot Portion:
30
300
27.2
29.2
Calculation 1
0.321 Page 1 of 3
0.179
2.143
Notes:
6002
1692.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.42
0.1885
Initial Time, ti (s)
5821.0
2.20E-03
0.0
0.00E+00
1.24E-03
0.565
2.05
0.25
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 10
Date: 1/27/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.75 0
9.58 1.61
9.44 2.30
9.33 2.71
9.25 3.00
9.19 3.22
9.13 3.40
9.09 3.56
9.04 3.69
9.01 3.81
8.98 3.91
8.95 4.01
8.92 4.09
8.87 4.25
8.83 4.38
8.8 4.50
8.77 4.61
8.74 4.70
8.71 4.79
8.68 4.91
8.65 5.01
8.62 5.11
8.6 5.19
8.56 5.35
8.52 5.48
8.49 5.60
8.46 5.70
8.37 6.04
8.34 6.17
8.28 6.40
8.24 6.58
8.2 6.73
8.15 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
420
480
600
180
28.08767115
28.26105191
28.34827038
28.43584386
27.5758221
27.7450735
28.17418622
28.70071637
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.52377454
28.61206463
28.76001954
27.83020784
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
29.08910756
29.17972601
29.45384618
29.54598218
29.731412
29.855897
28.87911372
28.99886278
29.98108058
30.13855097
0:07:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
27.66027897
27.07605352
0:00:00 25.59361341
27.49170077
27.24132892
27.35223846
27.97285935
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.03252585
26.40112603
26.69540663
26.91207004
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 10
Date: 1/27/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.85
k = q / 4πs = 0.321
24
25
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 11
Date: 1/27/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
5894
1714
Results
From Psudo-Steady State Plot Portion:
30
300
27.3
29.2
Calculation 1
0.323 Page 1 of 3
0.180
2.156
Notes:
6075
1714.1
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.42
0.1885
Initial Time, ti (s)
5894.0
2.22E-03
0.0
0.00E+00
1.21E-03
0.546
2.05
0.25
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 11
Date: 1/27/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.74 0
9.57 1.61
9.42 2.30
9.32 2.71
9.24 3.00
9.17 3.22
9.12 3.40
9.07 3.56
9.03 3.69
8.98 3.81
8.9 4.09
8.86 4.25
8.82 4.38
8.78 4.50
8.75 4.61
8.72 4.70
8.7 4.79
8.66 4.91
8.63 5.01
8.61 5.11
8.58 5.19
8.54 5.35
8.51 5.48
8.48 5.60
8.45 5.70
8.4 5.89
8.33 6.17
8.28 6.40
8.23 6.58
8.2 6.73
8.15 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
28.11647069
28.31915822
28.40661312
28.46511429
27.66027897
28.23205759
28.7303477
120
135
150
165
30
35
40
45
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.58259453
28.67112547
28.81948511
27.88715391
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
29.11927208
29.21001559
29.36209302
29.57677966
29.731412
29.88712718
28.93890605
29.028903
29.98108058
30.13855097
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
27.13100095
0:00:00 25.61917419
27.51970406
27.26900159
27.40791287
28.00150451
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.05863766
26.45432264
26.72236688
26.9393116
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 11
Date: 1/27/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.84
k = q / 4πs = 0.323
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 12
Date: 1/27/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.1
29.1
Calculation 1
0.308 Page 1 of 3
0.171
2.056
Notes:
5856
1650.4
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.35
0.1885
Initial Time, ti (s)
5675.0
2.14E-03
0.0
0.00E+00
1.30E-03
0.606
2.05
0.245
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 12
Date: 1/27/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.79 0
9.62 1.61
9.47 2.30
9.37 2.71
9.29 3.00
9.22 3.22
9.17 3.40
9.12 3.56
9.08 3.69
9.04 3.81
9.01 3.91
8.98 4.01
8.95 4.09
8.91 4.25
8.86 4.38
8.83 4.50
8.8 4.61
8.77 4.70
8.74 4.79
8.71 4.91
8.67 5.01
8.65 5.11
8.62 5.19
8.58 5.35
8.54 5.48
8.51 5.60
8.48 5.70
8.43 5.89
8.34 6.17
8.3 6.40
8.25 6.58
8.2 6.73
8.15 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
28.00150451
28.17418622
28.26105191
28.34827038
27.49170077
27.66027897
28.08767115
28.61206463
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.43584386
28.55316452
28.70071637
27.7450735
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
29.028903
29.11927208
29.2707204
29.54598218
29.66942973
29.82471047
28.81948511
28.93890605
29.98108058
30.13855097
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
27.5758221
26.99390132
0:00:00 25.49168735
27.3800573
27.13100095
27.26900159
27.85866184
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.92840773
26.32158601
26.58791317
26.80345732
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 12
Date: 1/27/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.87
k = q / 4πs = 0.308
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 1
Date: 3/23/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.9
27.0
Calculation 1
0.269 Page 1 of 3
0.150
1.799
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1885
Initial Time, ti (s)
5617.0
2.12E-03
0.0
0.00E+00
1.32E-03
0.622
0.0%
2.05
0.260
0.15
3.55
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003439
181
5798
1633.6
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 1
Date: 3/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.93 0
10.71 1.61
10.5 2.30
10.34 2.71
10.22 3.00
10.12 3.22
10.04 3.40
9.97 3.56
9.91 3.69
9.86 3.81
9.82 3.91
9.78 4.01
9.74 4.09
9.68 4.25
9.63 4.38
9.59 4.50
9.55 4.61
9.52 4.70
9.48 4.79
9.45 4.91
9.41 5.01
9.38 5.11
9.36 5.19
9.31 5.35
9.27 5.48
9.23 5.60
9.2 5.70
9.14 5.89
9.07 6.17
9 6.40
8.95 6.58
8.9 6.73
8.83 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 22.78219122 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
23.27775618
23.76232056
24.1394209
24.42690639
Recorded Time
25.03919205
25.18891491
25.41557374
OK
26.96658867
27.04863366
27.2136926
27.40791287
27.603937
27.7450735
26.74936202
26.85769312
27.88715391
28.08767115
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
25.31452662
25.51712145
Cumulative Time (s)
5
10
15
20
2524.66961843
24.86589103
165
180
25.90246013
26.11096054
26.18969406
26.29514034
26.37457878
26.48097214
26.61473456
25.61917419
25.77321009
26.00644702
26.56112631
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
276
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 1
Date: 3/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.05
k = q / 4πs = 0.269
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 2
Date: 3/23/16
Tested By: AJR
Water Content (%)
4% 2 Average
93.20 112.1
93.2 112.1
0.00 0.00
50.10 50.50
43.10 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
25.6
27.7
Calculation 1
0.282 Page 1 of 3
0.157
1.884
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1885
Initial Time, ti (s)
5724.0
2.16E-03
0.0
0.00E+00
1.28E-03
0.592
0.0%
2.05
0.260
0.15
3.55
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003439
181
5905
1664.7
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 2
Date: 3/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.57 0
10.37 1.61
10.15 2.30
10.01 2.71
9.9 3.00
9.81 3.22
9.73 3.40
9.67 3.56
9.62 3.69
9.57 3.81
9.53 3.91
9.49 4.01
9.47 4.09
9.4 4.25
9.36 4.38
9.32 4.50
9.28 4.61
9.25 4.70
9.23 4.79
9.19 4.91
9.16 5.01
9.13 5.11
9.1 5.19
9.06 5.35
9.02 5.48
8.99 5.60
8.96 5.70
8.91 5.89
8.83 6.17
8.77 6.40
8.72 6.58
8.68 6.73
8.65 6.87
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 23.59951307 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.06817986
24.59650068
24.93998285
25.21397565
Recorded Time
25.79899527
25.92840773
26.16341623
OK
27.63208926
27.71677101
27.85866184
28.08767115
28.26105191
28.40661312
27.43580525
27.54774448
28.52377454
28.61206463
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
26.05863766
26.26872838
Cumulative Time (s)
5
10
15
20
2525.44091357
25.64476681
165
180
26.61473456
26.83055762
26.91207004
26.96658867
27.07605352
27.15852869
27.32445629
26.32158601
26.50765586
26.72236688
27.24132892
30
35
40
45
50
55
240
270
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 2
Date: 3/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.00
k = q / 4πs = 0.282
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 3
Date: 3/23/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.3 0.3 0.3
99.7 99.7 99.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.1
28.1
Calculation 1
0.293 Page 1 of 3
0.163
1.959
Notes:
6065
1705.6
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
1.6%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.55
0.1885
Initial Time, ti (s)
5864.7
2.21E-03
19.3
1.93E-05
1.21E-03
0.554
2.05
0.260
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 3
Date: 3/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.39 0
10.16 1.61
9.98 2.30
9.83 2.71
9.72 3.00
9.64 3.22
9.57 3.40
9.51 3.56
9.46 3.69
9.41 3.81
9.38 3.91
9.34 4.01
9.31 4.09
9.26 4.25
9.21 4.38
9.18 4.50
9.14 4.61
9.11 4.70
9.09 4.79
9.05 4.91
9.02 5.01
9 5.11
8.97 5.19
8.93 5.35
8.9 5.48
8.86 5.60
8.84 5.70
8.79 5.89
8.72 6.17
8.66 6.40
8.61 6.58
8.57 6.73
8.54 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
480
600
180
27.02124962
27.2136926
27.29671069
27.35223846
26.48097214
26.66848122
27.10350925
27.603937
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
27.46373453
27.54774448
27.68850619
26.74936202
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
28.00150451
28.05891033
28.20310239
28.40661312
28.58259453
28.7303477
27.80179184
27.88715391
28.84927899
28.93890605
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
26.56112631
25.87654515
0:00:00 24.0208241
26.34806546
26.05863766
26.21600531
26.8848639
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.57218629
25.01434454
25.39026521
25.67039135
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 3
Date: 3/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.96
k = q / 4πs = 0.293
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 4
Date: 3/23/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.3 0.3 0.3
99.7 99.7 99.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
#REF!
28.0
Calculation 1
0.329 Page 1 of 3
0.183
2.199
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
2.09E-05
1.03E-03
0.437
2.0%
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
2.05
0.260
0.15
3.55
0.1885Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Voltage (V)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Thermal Conductivity (W/m°C)
0.1524
0.003439
181
6541
1843.6
Initial Time, ti (s)
6339.1
2.39E-03
20.9
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 4
Date: 3/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.29 0
10.08 1.61
9.88 2.30
9.76 2.71
9.66 3.00
9.59 3.22
0:00:35 9.47 26.32158601 35 3.56
0:00:45 9.38 26.56112631 45 3.81
0:00:55 9.32 26.72236688 55 4.01
0:01:00 9.3 26.77639215 60 4.09
0:01:10 9.25 26.91207004 70 4.25
0:01:20 9.21 27.02124962 80 4.38
0:01:30 9.18 27.10350925 90 4.50
0:01:40 9.15 27.18609255 100 4.61
0:01:50 9.13 27.24132892 110 4.70
0:02:00 9.1 27.32445629 120 4.79
0:02:15 9.07 27.40791287 135 4.91
0:02:30 9.04 27.49170077 150 5.01
0:02:45 9.02 27.54774448 165 5.11
0:03:00 9 27.603937 180 5.19
0:03:30 8.96 27.71677101 210 5.35
0:04:00 8.93 27.80179184 240 5.48
0:04:30 8.9 27.88715391 270 5.60
0:05:00 8.87 27.97285935 300 5.70
0:06:00 8.83 28.08767115 360 5.89
0:08:00 8.76 28.29008542 480 6.17
0:10:00 8.71 28.43584386 600 6.40
0:12:00 8.67 28.55316452 720 6.58
0:14:00 8.63 28.67112547 840 6.73
8.6 6.87
Temp Check = 
0:00:00 24.25871327 1
0:00:25
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.7675186
25.26418939
25.56808441
25.8248128
Recorded Time
26.00644702
0:16:00 28.76001954
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
960
Cumulative Time (s)
5
10
15
20
25
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 4
Date: 3/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.86
k = q / 4πs = 0.329
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 5
Date: 3/23/16
Tested By: AJR
Water Content (%)
4% 2 Average
112.1 112.1
112.1 112.1
0.00 0.00
49.50 50.50
62.60 61.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.6
28.6
Calculation 1
0.294 Page 1 of 3
0.164
1.967
Notes:
6377
1801.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.55
0.1885
Initial Time, ti (s)
6196.0
2.34E-03
0.0
0.00E+00
1.10E-03
0.471
2.05
0.260
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 5
Date: 3/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.18 0
9.97 1.61
9.78 2.30
9.65 2.71
9.53 3.00
9.46 3.22
9.38 3.40
9.32 3.56
9.28 3.69
9.23 3.81
9.2 3.91
9.16 4.01
9.13 4.09
9.08 4.25
9.04 4.38
9 4.50
8.97 4.61
8.94 4.70
8.91 4.79
8.88 4.91
8.85 5.01
8.82 5.11
8.8 5.19
8.76 5.35
8.72 5.48
8.7 5.60
8.67 5.70
8.63 5.89
8.54 6.23
8.5 6.40
8.46 6.58
8.43 6.73
8.39 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
510
600
180
27.49170077
27.68850619
27.77341376
27.85866184
26.96658867
27.15852869
27.603937
28.11647069
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
27.94425258
28.03018814
28.17418622
27.24132892
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
28.46511429
28.55316452
28.67112547
28.93890605
29.05898456
29.17972601
28.29008542
28.40661312
29.2707204
29.39263501
0:06:00
0:08:30
0:10:00
0:12:00
0:14:00
0:16:00
27.04863366
26.34806546
0:00:00 24.5236444
26.83055762
26.56112631
26.72236688
27.3800573
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.03919205
25.51712145
25.85066273
26.16341623
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 5
Date: 3/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.96
k = q / 4πs = 0.294
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 6
Date: 3/24/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.2
23.4
Calculation 1
0.268 Page 1 of 3
0.149
1.790
Notes:
5929
1671.7
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.55
0.1885
Initial Time, ti (s)
5748.0
2.17E-03
0.0
0.00E+00
1.27E-03
0.585
2.05
0.260
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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Project: Dissertation - Bench Scale
Sample: Plymouth Test 6
Date: 3/24/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
12.7 0
12.45 1.61
12.19 2.30
12.01 2.71
11.88 3.00
11.76 3.22
11.66 3.40
11.58 3.56
11.51 3.69
11.45 3.81
11.4 3.91
11.35 4.01
11.31 4.09
11.24 4.25
11.17 4.38
11.12 4.50
11.07 4.61
11.04 4.70
11 4.79
10.95 4.91
10.91 5.01
10.88 5.11
10.84 5.19
10.79 5.35
10.74 5.48
10.7 5.60
10.67 5.70
10.6 5.89
10.51 6.17
10.44 6.40
10.38 6.58
10.33 6.73
10.28 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
480
600
180
22.25494708
22.47298399
22.53885021
22.627003
21.65646602
21.86822029
22.36367562
22.89376655
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
22.73773129
22.82674818
22.98346829
21.9535339
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
23.30057085
23.36916869
23.53013546
23.73898239
23.90291493
24.04448819
23.09615339
23.2094652
24.16322347
24.28265591
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
21.76207194
21.0134282
0:00:00 19.17496421
21.53044583
21.21870008
21.38438306
22.10368822
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
19.64883406
20.15285302
20.50885261
20.76972487
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 6
Date: 3/24/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.06
k = q / 4πs = 0.268
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 7
Date: 3/24/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
80
21.8
23.3
Calculation 1
0.265 Page 1 of 3
0.148
1.772
Notes:
5711
1608.3
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.55
0.1885
Initial Time, ti (s)
5530.0
2.09E-03
0.0
0.00E+00
1.35E-03
0.648
2.05
0.260
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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Project: Dissertation - Bench Scale
Sample: Plymouth Test 7
Date: 3/24/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
12.18 0
11.94 1.61
11.68 2.30
11.49 2.71
11.36 3.00
11.24 3.22
11.16 3.40
11.08 3.56
11.01 3.69
10.95 3.81
10.9 3.91
10.86 4.01
10.82 4.09
10.75 4.25
10.69 4.38
10.64 4.50
10.6 4.61
10.56 4.70
10.52 4.79
10.47 4.91
10.44 5.01
10.4 5.11
10.37 5.19
10.31 5.35
10.26 5.48
10.22 5.60
10.18 5.70
10.12 5.89
10.03 6.17
9.95 6.40
9.89 6.58
9.84 6.73
9.77 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
23.32341111
23.53013546
23.62269163
23.71567098
22.73773129
22.9385681
23.43799856
23.9971875
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
23.83249623
23.90291493
24.06817986
23.02846759
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
24.42690639
24.5236444
24.66961843
24.89055843
25.08897792
25.23906712
24.21091234
24.33062589
25.36498789
25.54258711
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
22.84906319
22.10368822
0:00:00 20.17247588
22.60492915
22.27664673
22.4510756
23.18675235
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
20.64892238
21.17748418
21.57236748
21.84694692
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 7
Date: 3/24/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.07
k = q / 4πs = 0.265
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 8
Date: 3/24/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
80
22.5
24.1
Calculation 1
0.283 Page 1 of 3
0.157
1.888
Notes:
6192
1748.1
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.55
0.1885
Initial Time, ti (s)
6011.0
2.27E-03
0.0
0.00E+00
1.17E-03
0.516
2.05
0.260
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 8
Date: 3/24/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
11.79 0
11.53 1.61
11.33 2.30
11.16 2.71
11.04 3.00
10.94 3.22
10.85 3.40
10.78 3.56
10.72 3.69
10.67 3.81
10.62 3.91
10.58 4.01
10.54 4.09
10.47 4.25
10.43 4.38
10.38 4.50
10.34 4.61
10.31 4.70
10.28 4.79
10.24 4.91
10.2 5.01
10.17 5.11
10.14 5.19
10.09 5.35
10.05 5.48
10.02 5.60
9.99 5.70
9.92 5.89
9.85 6.17
9.77 6.45
9.73 6.58
9.69 6.73
9.65 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
480
630
180
23.92644213
24.1394209
24.21091234
24.28265591
23.36916869
23.5763609
24.04448819
24.54790089
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
24.37870921
24.47521794
24.62084412
23.66912816
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
24.91525568
24.98952721
25.16388484
25.33974172
25.54258711
25.64476681
24.74299945
24.84125341
25.74745718
25.85066273
0:06:00
0:08:00
0:10:30
0:12:00
0:14:00
0:16:00
23.48401485
22.75994915
0:00:00 20.9522369
23.25496706
22.96100584
23.11876538
23.83249623
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
21.4886087
21.91083297
22.27664673
22.53885021
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 8
Date: 3/24/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.00
k = q / 4πs = 0.283
20
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Project: Dissertation - Bench Scale
Sample: Plymouth Test 9
Date: 3/24/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
80
23.2
24.7
Calculation 1
0.300 Page 1 of 3
0.167
2.007
Notes:
6341
1791.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.55
0.1885
Initial Time, ti (s)
6160.0
2.32E-03
0.0
0.00E+00
1.11E-03
0.479
2.05
0.260
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 9
Date: 3/24/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
11.44 0
11.24 1.61
11.01 2.30
10.85 2.71
10.74 3.00
10.65 3.22
10.57 3.40
10.5 3.56
10.45 3.69
10.4 3.81
10.36 3.91
10.32 4.01
10.28 4.09
10.23 4.25
10.18 4.38
10.14 4.50
10.1 4.61
10.7 4.70
10.04 4.79
10.01 4.91
9.98 5.01
9.95 5.11
9.92 5.19
9.88 5.35
9.84 5.48
9.81 5.60
9.79 5.70
9.74 5.89
9.66 6.17
9.61 6.40
9.56 6.58
9.52 6.73
9.48 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
480
600
180
24.5236444
24.71850975
23.30057085
24.86589103
23.9971875
24.18705393
24.62084412
25.08897792
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
24.93998285
25.01434454
25.16388484
24.28265591
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
25.44091357
25.49168735
25.61917419
25.8248128
25.95438803
26.08478253
25.26418939
25.36498789
26.18969406
26.29514034
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
24.09189915
23.41502939
0:00:00 21.67754412
23.87941492
23.59951307
23.76232056
24.40279353
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
22.10368822
22.60492915
22.96100584
23.2094652
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
300
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 9
Date: 3/24/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.94
k = q / 4πs = 0.300
20
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 10
Date: 3/31/16
Tested By: AJR
Water Content (%)
4% 2 Average
575.20 575.20
574.6 574.6
0.60 0.60
392.00 393.00
182.60 181.60
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
80
26.3
27.8
Calculation 1
0.303 Page 1 of 3
0.169
2.023
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1885
Initial Time, ti (s)
6292.0
2.37E-03
0.0
0.00E+00
1.06E-03
0.448
0.0%
2.05
0.260
0.15
3.55
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003439
181
6473
1829.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
302
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 10
Date: 3/31/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.09 0
9.89 1.61
9.71 2.30
9.59 2.71
9.49 3.00
9.4 3.22
9.34 3.40
9.29 3.56
9.24 3.69
9.2 3.81
9.16 3.91
9.12 4.01
9.1 4.09
9.05 4.25
9.01 4.38
8.97 4.50
8.94 4.61
8.91 4.70
8.88 4.79
8.85 4.91
8.82 5.01
8.79 5.11
8.77 5.19
8.74 5.35
8.7 5.48
8.67 5.60
8.64 5.70
8.57 6.04
8.54 6.17
8.47 6.45
8.44 6.58
8.41 6.73
8.37 6.87
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.74299945 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.23906712
25.69604788
26.00644702
26.26872838
Recorded Time
26.80345732
26.9393116
27.15852869
OK
28.55316452
28.64157492
28.84927899
28.93890605
29.1494782
29.24034702
28.34827038
28.46511429
29.33159331
29.45384618
0:07:00
0:08:00
0:10:30
0:12:00
0:14:00
0:16:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.04863366
27.26900159
Cumulative Time (s)
5
10
15
20
2526.50765586
26.66848122
165
180
27.5758221
27.77341376
27.85866184
27.94425258
28.03018814
28.11647069
28.26105191
27.32445629
27.46373453
27.68850619
28.20310239
30
35
40
45
50
55
240
270
300
420
480
630
720
840
960
210
60
70
80
90
100
110
120
135
150
303
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 10
Date: 3/31/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.93
k = q / 4πs = 0.303
24
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26
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 1
Date: 11/20/16
Tested By: AJR
Water Content (%)
20% S15 Average
111.26 111.26
111.07 111.07
0.19 0.19
45.83 45.83
65.24 65.24
0.3 0.3 0.3
99.7 99.7 99.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.3
30.1
Calculation 1
0.152 Page 1 of 3
0.085
1.016
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1895
Initial Time, ti (s)
3871.7
1.43E-03
11.3
1.13E-05
2.01E-03
1.411
0.6%
2.04
0.240
0.15
3.26
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003457
181
4064
1120.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
305
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 1
Date: 11/20/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.3 0
10.11 1.61
9.93 2.30
9.79 2.71
9.67 3.00
9.55 3.22
9.47 3.40
9.38 3.56
9.32 3.69
9.25 3.81
9.19 3.91
9.14 4.01
9.09 4.09
9 4.25
8.92 4.38
8.85 4.50
8.79 4.61
8.73 4.70
8.68 4.79
8.61 4.91
8.55 5.01
8.5 5.11
8.44 5.19
8.36 5.35
8.28 5.48
8.21 5.60
8.17 5.70
8.06 5.89
7.92 6.17
7.81 6.40
7.72 6.58
7.65 6.73
7.56 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.23479877 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.69404943
25.13888536
25.49168735
25.79899527
Recorded Time
26.56112631
26.72236688
27.07605352
OK
29.94971889
30.07543008
30.42480548
30.87739936
31.23939131
31.53983716
29.48451553
29.731412
31.77622108
32.08367559
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
26.91207004
27.2136926
Cumulative Time (s)
5
10
15
20
2526.11096054
26.32158601
165
180
27.83020784
28.20310239
28.37742199
28.52377454
28.7303477
28.90898938
29.24034702
27.35223846
27.603937
28.03018814
29.05898456
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 1
Date: 11/20/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.70
k = q / 4πs = 0.152
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 2
Date: 11/20/16
Tested By: AJR
Water Content (%)
20% S15 Average
111.26 111.26
111.07 111.07
0.19 0.19
45.83 45.83
65.24 65.24
0.3 0.3 0.3
99.7 99.7 99.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.4
30.3
Calculation 1
0.215 Page 1 of 3
0.120
1.436
Notes:
4947
1367.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
183
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
0.8%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.45
0.1905
Initial Time, ti (s)
4750.2
1.76E-03
13.8
1.38E-05
1.70E-03
0.975
2.07
0.250
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 2
Date: 11/20/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.79 0
9.62 1.61
9.45 2.30
9.33 2.71
9.23 3.00
9.15 3.22
9.07 3.40
9.01 3.56
8.95 3.69
8.9 3.81
8.85 3.91
8.81 4.01
8.77 4.09
8.7 4.25
8.64 4.38
8.59 4.50
8.55 4.61
8.51 4.70
8.47 4.79
8.43 4.91
8.38 5.01
8.34 5.11
8.3 5.19
8.23 5.35
8.18 5.48
8.14 5.60
8.1 5.70
8.02 5.89
7.91 6.17
7.84 6.40
7.75 6.66
7.73 6.73
7.65 6.96
Temp Check = 
780
840
210
60
70
80
90
100
110
1050
240
270
300
360
480
600
180
28.64157492
28.90898938
29.028903
29.1494782
27.88715391
28.14530902
28.78973198
29.54598218
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.2707204
29.42321937
29.66942973
28.26105191
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
30.17017805
30.29713263
30.55320231
30.91007337
31.14010122
31.43925679
29.88712718
30.04393609
31.50626215
31.77622108
0:06:00
0:08:00
0:10:00
0:13:00
0:14:00
0:17:30
28.03018814
27.18609255
0:00:00 25.49168735
27.7450735
27.40791287
27.5758221
28.46511429
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.92840773
26.37457878
26.69540663
26.96658867
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 2
Date: 11/20/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.28
k = q / 4πs = 0.215
25
26
27
28
29
30
31
32
33
34
35
1 10 100 1000 10000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
310
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 3
Date: 11/29/16
Tested By: AJR
Water Content (%)
20% S15 Average
118.41 118.41
118.02 118.02
0.39 0.39
48.25 48.25
69.77 69.77
0.6 0.6 0.6
99.4 99.4 99.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.3
32.7
Calculation 1
0.172 Page 1 of 3
0.096
1.147
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4197.5
1.55E-03
23.5
2.35E-05
1.90E-03
1.235
1.2%
2.035
0.245
0.15
3.32
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
183
4404
1207.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 3
Date: 11/29/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.12 0
8.95 1.61
8.8 2.30
8.68 2.71
8.57 3.00
8.49 3.22
8.41 3.40
8.34 3.56
8.29 3.69
8.23 3.81
8.19 3.91
8.14 4.01
8.1 4.09
8.03 4.25
7.96 4.38
7.91 4.50
7.86 4.61
7.82 4.70
7.78 4.79
7.72 4.91
7.67 5.01
7.63 5.11
7.58 5.19
7.52 5.35
7.47 5.48
7.42 5.60
7.37 5.70
7.29 5.89
7.18 6.17
7.09 6.40
7.01 6.58
6.95 6.73
6.88 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 27.26900159 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
27.7450735
28.17418622
28.52377454
28.84927899
Recorded Time
29.54598218
29.70039925
30.01248629
OK
32.56998888
32.7460897
33.03054265
33.42715613
33.75646949
34.05289088
32.22161393
32.39516762
34.27752352
34.54213682
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
29.88712718
30.17017805
Cumulative Time (s)
5
10
15
20
2529.08910756
29.33159331
165
180
30.74716752
31.07414417
31.20624722
31.339109
31.53983716
31.70843923
32.01500588
30.29713263
30.52103492
30.91007337
31.84419891
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 3
Date: 11/29/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.54
k = q / 4πs = 0.172
26
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 4
Date: 11/29/16
Tested By: AJR
Water Content (%)
20% S15 Average
118.41 118.41
118.02 118.02
0.39 0.39
48.25 48.25
69.77 69.77
0.6 0.6 0.6
99.4 99.4 99.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.0
30.4
Calculation 1
0.179 Page 1 of 3
0.100
1.195
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4310.9
1.60E-03
24.1
2.41E-05
1.85E-03
1.176
1.3%
2.060
0.245
0.15
3.36
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
183
4518
1240.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
314
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 4
Date: 11/29/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10 0
9.81 1.61
9.64 2.30
9.5 2.71
9.39 3.00
9.29 3.22
9.21 3.40
9.13 3.56
9.07 3.69
9.01 3.81
8.96 3.91
8.91 4.01
8.86 4.09
8.79 4.25
8.72 4.38
8.66 4.50
8.6 4.61
8.56 4.70
8.51 4.79
8.45 4.91
8.4 5.01
8.35 5.11
8.32 5.19
8.24 5.35
8.18 5.48
8.13 5.60
8.07 5.70
8 5.89
7.88 6.17
7.79 6.40
7.71 6.58
7.65 6.73
7.57 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.96474 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.44091357
25.87654515
26.24235006
26.5343739
Recorded Time
27.24132892
27.40791287
27.71677101
OK
30.20184967
30.39281962
30.617674
31.00837532
31.3058221
31.57346051
29.855897
30.04393609
31.77622108
32.04931586
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.5758221
27.85866184
Cumulative Time (s)
5
10
15
20
2526.80345732
27.02124962
165
180
28.40661312
28.76001954
28.87911372
29.028903
29.21001559
29.36209302
29.60762002
28.00150451
28.20310239
28.58259453
29.5152275
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
315
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 4
Date: 11/29/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.50
k = q / 4πs = 0.179
24
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 5
Date: 11/29/16
Tested By: AJR
Water Content (%)
20% S15 Average
118.41 118.41
118.02 118.02
0.39 0.39
48.25 48.25
69.77 69.77
0.6 0.6 0.6
99.4 99.4 99.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.4
30.3
Calculation 1
0.217 Page 1 of 3
0.121
1.452
Notes:
4957
1366.2
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
183
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
1.5%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.45
0.1905
Initial Time, ti (s)
4747.5
1.76E-03
26.5
2.65E-05
1.69E-03
0.976
2.070
0.250
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 5
Date: 11/29/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.79 0
9.62 1.61
9.45 2.30
9.33 2.71
9.23 3.00
9.15 3.22
9.07 3.40
9.01 3.56
8.95 3.69
8.9 3.81
8.85 3.91
8.81 4.01
8.77 4.09
8.7 4.25
8.64 4.38
8.59 4.50
8.55 4.61
8.51 4.70
8.47 4.79
8.43 4.91
8.38 5.01
8.34 5.11
8.3 5.19
8.23 5.35
8.18 5.48
8.14 5.60
8.1 5.70
8.02 5.89
7.91 6.17
7.84 6.40
7.75 6.66
7.73 6.73
7.65 6.96
Temp Check = 
780
840
210
60
70
80
90
100
110
1050
240
270
300
360
480
600
180
28.64157492
28.90898938
29.028903
29.1494782
27.88715391
28.14530902
28.78973198
29.54598218
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.2707204
29.42321937
29.66942973
28.26105191
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
30.17017805
30.29713263
30.55320231
30.91007337
31.14010122
31.43925679
29.88712718
30.04393609
31.50626215
31.77622108
0:06:00
0:08:00
0:10:00
0:13:00
0:14:00
0:17:30
28.03018814
27.18609255
0:00:00 25.49168735
27.7450735
27.40791287
27.5758221
28.46511429
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.92840773
26.37457878
26.69540663
26.96658867
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 5
Date: 11/29/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.26
k = q / 4πs = 0.217
24
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 6
Date: 11/30/16
Tested By: AJR
Water Content (%)
20% S15 Average
118.41 118.41
118.02 118.02
0.39 0.39
48.25 48.25
69.77 69.77
0.6 0.6 0.6
99.4 99.4 99.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.9
31.4
Calculation 1
0.176 Page 1 of 3
0.098
1.174
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.19
Initial Time, ti (s)
4007.6
1.48E-03
22.4
2.24E-05
1.96E-03
1.335
1.1%
2.070
0.250
0.15
3.45
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003466
183
4213
1156.3
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 6
Date: 11/30/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.68 0
9.49 1.61
9.33 2.30
9.19 2.71
9.08 3.00
8.98 3.22
8.9 3.40
8.82 3.56
8.76 3.69
8.7 3.81
8.65 3.91
8.6 4.01
8.55 4.09
8.48 4.25
8.41 4.38
8.35 4.50
8.29 4.61
8.25 4.70
8.2 4.79
8.14 4.91
8.09 5.01
8.05 5.11
8.01 5.19
7.93 5.35
7.87 5.48
7.81 5.60
7.77 5.70
7.69 5.89
7.56 6.17
7.47 6.40
7.39 6.58
7.33 6.73
7.25 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 25.77321009 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.26872838
26.69540663
27.07605352
27.3800573
Recorded Time
28.11647069
28.29008542
28.61206463
OK
31.23939131
31.37244368
31.64085263
32.08367559
32.39516762
32.67549505
30.84477187
31.04123626
32.88789975
33.17402466
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.46511429
28.76001954
Cumulative Time (s)
5
10
15
20
2527.66027897
27.88715391
165
180
29.33159331
29.70039925
29.82471047
29.98108058
30.17017805
30.32898328
30.58541531
28.90898938
29.11927208
29.5152275
30.45683659
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 6
Date: 11/30/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.56
k = q / 4πs = 0.176
24
25
26
27
28
29
30
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34
1 10 100 1000 10000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 7
Date: 11/30/16
Tested By: AJR
Water Content (%)
20% S15 Average
118.41 118.41
118.02 118.02
0.39 0.39
48.25 48.25
69.77 69.77
0.6 0.6 0.6
99.4 99.4 99.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.9
31.2
Calculation 1
0.185 Page 1 of 3
0.103
1.234
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4388.5
1.63E-03
24.5
2.45E-05
1.83E-03
1.138
1.3%
2.070
0.250
0.15
3.45
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
183
4596
1262.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 7
Date: 11/30/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.68 0
9.49 1.61
9.32 2.30
9.2 2.71
9.08 3.00
8.98 3.22
8.89 3.40
8.83 3.56
8.76 3.69
8.71 3.81
8.66 3.91
8.61 4.01
8.57 4.09
8.49 4.25
8.43 4.38
8.37 4.50
8.32 4.61
8.27 4.70
8.23 4.79
8.17 4.91
8.13 5.01
8.08 5.11
8.04 5.19
7.97 5.35
7.91 5.48
7.86 5.60
7.82 5.70
7.74 5.89
7.63 6.17
7.54 6.40
7.46 6.58
7.4 6.73
7.33 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 25.77321009 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.26872838
26.72236688
27.04863366
27.3800573
Recorded Time
28.08767115
28.29008542
28.58259453
OK
31.07414417
31.20624722
31.47273539
31.84419891
32.15254469
32.43003009
30.71472515
30.91007337
32.64027498
32.88789975
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.43584386
28.7303477
Cumulative Time (s)
5
10
15
20
2527.66027897
27.91568413
165
180
29.2707204
29.60762002
29.76246806
29.88712718
30.07543008
30.20184967
30.48891304
28.84927899
29.08910756
29.45384618
30.36087891
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 7
Date: 11/30/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.49
k = q / 4πs = 0.185
24
25
26
27
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29
30
31
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 8
Date: 11/30/16
Tested By: AJR
Water Content (%)
20% S15 Average
118.41 118.41
118.02 118.02
0.39 0.39
48.25 48.25
69.77 69.77
0.6 0.6 0.6
99.4 99.4 99.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.1
31.2
Calculation 1
0.174 Page 1 of 3
0.097
1.164
Notes:
Thermal Conductivity (W/m°C)
0.1524
0.003475
183
4709
1295.2
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
2.070
0.250
0.15
3.45
0.1905
Initial Time, ti (s)
4500.8
1.67E-03
25.2
2.52E-05
1.78E-03
1.085
1.4%
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 8
Date: 11/30/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.66 0
9.46 1.61
9.28 2.30
9.13 2.71
9.01 3.00
8.9 3.22
8.81 3.40
8.73 3.56
8.66 3.69
8.6 3.81
8.55 3.91
8.5 4.01
8.45 4.09
8.37 4.25
8.3 4.38
8.24 4.50
8.19 4.61
8.14 4.70
8.1 4.79
8.04 4.91
7.99 5.01
7.95 5.11
7.91 5.19
7.83 5.35
7.78 5.48
7.86 5.60
7.82 5.70
7.57 5.97
7.5 6.17
7.41 6.40
7.35 6.58
7.29 6.73
7.22 6.93
Temp Check = 
210
60
70
80
90
100
110
720
840
1020
240
270
300
390
480
600
30
35
40
45
50
55
30.48891304
30.64997848
30.91007337
29.21001559
29.45384618
29.855897
30.77965604
120
135
150
165
180
29.66942973
30.01248629
30.17017805
30.29713263
28.76001954
29.05898456
Cumulative Time (s)
5
10
15
20
25
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:06:30
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
31.17315056
31.339109
33.03054265
33.28219059
OK
31.07414417
31.20624722
32.04931586
32.29088406
32.60510629
32.816891
27.88715391
28.14530902
28.37742199
28.58259453
28.90898938
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.34806546
26.83055762
27.24132892
27.5758221
Recorded Time
0:00:00 25.8248128 1
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 8
Date: 11/30/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.58
k = q / 4πs = 0.174
24
25
26
27
28
29
30
31
32
33
34
1 10 100 1000 10000
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m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 1A
Date: 12/7/16
Tested By: AJR
Water Content (%)
20% S15 Average
78.78 78.78
75.88 75.88
2.90 2.90
45.83 45.83
30.05 30.05
9.7 9.7 9.7
91.2 91.2 91.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.9
29.7
Calculation 1
0.292 Page 1 of 3
0.162
1.949
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
2408.6
8.92E-04
232.4
2.32E-04
2.35E-03
2.895
9.0%
2.26
0.260
0.15
3.92
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
183
2824
693.1
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 1A
Date: 12/7/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.03 0
9.82 1.61
9.66 2.30
9.53 2.71
9.42 3.00
9.34 3.22
9.27 3.40
9.2 3.56
9.14 3.69
9.08 3.81
9.01 3.91
8.95 4.01
8.91 4.09
8.83 4.25
8.77 4.38
8.72 4.50
8.68 4.61
8.64 4.70
8.61 4.79
8.57 4.91
8.53 5.01
8.5 5.11
8.47 5.19
8.42 5.35
8.37 5.48
8.33 5.60
8.29 5.70
8.23 5.89
8.13 6.17
8.05 6.40
7.98 6.58
7.92 6.73
7.83 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.89055843 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.41557374
25.8248128
26.16341623
26.45432264
Recorded Time
27.04863366
27.2136926
27.5758221
OK
29.57677966
29.70039925
29.88712718
30.20184967
30.45683659
30.68232883
29.3011358
29.45384618
30.87739936
31.17315056
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.3800573
27.7450735
Cumulative Time (s)
5
10
15
20
2526.66848122
26.85769312
165
180
28.26105191
28.52377454
28.64157492
28.7303477
28.84927899
28.96886382
29.1494782
27.85866184
28.08767115
28.40661312
29.05898456
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 1A
Date: 12/7/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.07
k = q / 4πs = 0.292
23
24
25
26
27
28
29
30
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Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 1
Date: 11/30/16
Tested By: AJR
Water Content (%)
20% S15 Average
78.78 78.78
75.88 75.88
2.90 2.90
45.83 45.83
30.05 30.05
9.7 9.7 9.7
91.2 91.2 91.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.3
28.6
Calculation 1
0.294 Page 1 of 3
0.164
1.968
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
2408.6
8.92E-04
232.4
2.32E-04
2.35E-03
2.895
9.0%
2.06
0.235
0.15
3.23
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
183
2824
693.1
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 1
Date: 11/30/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.1 0
9.93 1.61
9.81 2.30
9.71 2.71
9.62 3.00
9.55 3.22
9.48 3.40
9.41 3.56
9.35 3.69
9.3 3.81
9.26 3.91
9.22 4.01
9.19 4.09
9.13 4.25
9.09 4.38
9.05 4.50
9.02 4.61
8.99 4.70
8.95 4.79
8.92 4.91
8.89 5.01
8.87 5.11
8.84 5.19
8.8 5.35
8.76 5.48
8.73 5.60
8.66 5.70
8.52 5.89
8.59 6.17
8.53 6.40
8.47 6.58
8.43 6.73
8.38 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.71850975 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.13888536
25.44091357
25.69604788
25.92840773
Recorded Time
26.48097214
26.64159055
26.8848639
OK
28.37742199
28.58259453
28.99886278
28.78973198
28.96886382
29.1494782
28.17418622
28.29008542
29.2707204
29.42321937
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
26.77639215
26.99390132
Cumulative Time (s)
5
10
15
20
2526.11096054
26.29514034
165
180
27.35223846
27.54774448
27.63208926
27.7450735
27.83020784
27.91568413
28.05891033
27.07605352
27.24132892
27.46373453
27.97285935
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
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Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 1
Date: 11/30/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.87
k = q / 4πs = 0.294
23
24
25
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29
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Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 2
Date: 12/7/16
Tested By: AJR
Water Content (%)
20% S15 Average
78.78 78.78
75.88 75.88
2.90 2.90
45.83 45.83
30.05 30.05
9.7 9.7 9.7
91.2 91.2 91.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
25.7
26.3
Calculation 1
1.215 Page 1 of 3
0.677
8.123
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4863.6
1.80E-03
469.4
4.69E-04
1.20E-03
0.929
28.0%
2.26
0.265
0.15
3.99
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
183
5516
1399.6
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 2
Date: 12/7/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.06 0
9.91 1.61
9.83 2.30
9.78 2.71
9.75 3.00
9.72 3.22
9.7 3.40
9.69 3.56
9.67 3.69
9.66 3.81
9.65 3.91
9.64 4.01
9.63 4.09
9.62 4.25
9.6 4.38
9.59 4.50
9.58 4.61
9.57 4.70
9.56 4.79
9.55 4.91
9.54 5.01
9.53 5.11
9.52 5.19
9.51 5.35
5.48
9.49 5.60
9.47 5.70
9.46 5.89
9.43 6.17
9.41 6.40
9.4 6.58
9.39 6.73
9.38 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.81664551 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.18891491
25.39026521
25.51712145
25.59361341
Recorded Time
25.74745718
25.79899527
25.85066273
OK
26.26872838
26.32158601
26.34806546
26.4277073
26.48097214
26.50765586
26.21600531
80.66341
26.5343739
26.56112631
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
25.8248128
25.87654515
Cumulative Time (s)
5
10
15
20
2525.67039135
25.72173647
165
180
25.9804011
26.03252585
26.05863766
26.08478253
26.11096054
26.13717174
26.18969406
25.90246013
25.92840773
26.00644702
26.16341623
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
336
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 2
Date: 12/7/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.26
k = q / 4πs = 1.215
24
24.5
25
25.5
26
26.5
27
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 3
Date: 12/7/16
Tested By: AJR
Water Content (%)
20% S15 Average
78.78 105.65
75.88 100.53
2.90 5.12
45.83 48.25
30.05 52.28
9.7 9.8 9.7
91.2 91.2 91.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
25.5
26.7
Calculation 1
0.629 Page 1 of 3
0.350
4.204
Notes:
4095
1027.2
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
16.0%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.99
0.1905
Initial Time, ti (s)
3569.5
1.32E-03
344.5
3.44E-04
1.81E-03
1.628
2.26
0.265
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 3
Date: 12/7/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.3 0
10.13 1.61
10 2.30
9.91 2.71
9.85 3.00
9.81 3.22
9.77 3.40
9.74 3.56
9.71 3.69
9.68 3.81
9.66 3.91
9.64 4.01
9.63 4.09
9.6 4.25
9.57 4.38
9.55 4.50
9.53 4.61
9.51 4.70
9.49 4.79
9.47 4.91
9.45 5.01
9.43 5.11
9.42 5.19
9.39 5.35
9.36 5.48
9.34 5.60
9.32 5.70
9.29 5.89
9.23 6.17
9.19 6.40
9.16 6.58
9.13 6.73
9.11 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
26.05863766
26.16341623
26.21600531
26.26872838
25.77321009
25.87654515
26.11096054
26.4277073
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
26.32158601
26.37457878
26.45432264
25.90246013
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
26.66848122
26.72236688
26.80345732
26.96658867
27.07605352
27.15852869
26.5343739
26.61473456
27.24132892
27.29671069
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
25.8248128
25.44091357
0:00:00 24.23479877
25.69604788
25.54258711
25.61917419
25.9804011
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.64521669
24.96474
25.18891491
25.33974172
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 3
Date: 12/7/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.51
k = q / 4πs = 0.629
24
24.5
25
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 4
Date: 12/23/16
Tested By: AJR
Water Content (%)
S18 19 Average
95.62 82.33
87.1 76.75
8.52 5.58
46.03 49.92
41.07 26.83
20.7 20.0 20.4
82.8 82.8 82.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.7
26.9
Calculation 1
0.364 Page 1 of 3
0.203
2.431
Notes:
3108
697.4
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
19.5%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.82
0.1905
Initial Time, ti (s)
2423.6
8.98E-04
503.4
5.03E-04
2.07E-03
2.871
2.25
0.255
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 4
Date: 12/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.91 0
10.72 1.61
10.55 2.30
10.42 2.71
10.3 3.00
10.19 3.22
10.1 3.40
10.01 3.56
9.96 3.69
9.9 3.81
9.85 3.91
9.81 4.01
9.78 4.09
9.72 4.25
9.67 4.38
9.63 4.50
9.6 4.61
9.57 4.70
9.54 4.79
9.5 4.91
9.47 5.01
9.44 5.11
9.42 5.19
9.37 5.35
9.33 5.48
9.3 5.60
9.27 5.70
9.22 5.89
9.15 6.17
9.1 6.40
9.05 6.58
9.01 6.73
8.97 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
25.79899527
25.9804011
26.05863766
26.13717174
25.21397565
25.44091357
25.90246013
26.40112603
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
26.24235006
26.32158601
26.45432264
25.51712145
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
26.77639215
26.85769312
26.99390132
27.18609255
27.32445629
27.46373453
26.58791317
26.69540663
27.5758221
27.68850619
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
25.33974172
24.49941678
0:00:00 22.82674818
25.06406983
24.71850975
24.93998285
25.67039135
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
23.25496706
23.64589664
23.94999659
24.23479877
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 4
Date: 12/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.84
k = q / 4πs = 0.364
22
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 5
Date: 12/23/16
Tested By: AJR
Water Content (%)
S18 19 Average
95.62 82.33
87.1 76.75
8.52 5.58
46.03 49.92
41.07 26.83
20.7 20.0 20.4
82.8 82.8 82.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.5
25.9
Calculation 1
0.859 Page 1 of 3
0.479
5.744
Notes:
4167
949.8
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
30.4%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
5.86
0.1905
Initial Time, ti (s)
3300.5
1.22E-03
685.5
6.86E-04
1.57E-03
1.843
2.75
0.320
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
344
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 5
Date: 12/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.82 0
10.57 1.61
10.43 2.30
10.34 2.71
10.27 3.00
10.22 3.22
10.18 3.40
10.14 3.56
10.11 3.69
10.09 3.81
10.06 3.91
10.03 4.01
10.02 4.09
9.99 4.25
9.96 4.38
9.93 4.50
9.91 4.61
9.89 4.70
9.87 4.79
9.84 4.91
9.82 5.01
9.8 5.11
9.78 5.19
9.74 5.35
9.7 5.48
9.67 5.60
9.64 5.70
9.61 5.89
9.54 6.17
9.49 6.40
9.45 6.58
9.41 6.73
9.37 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
25.06406983
25.18891491
25.23906712
25.28934254
24.74299945
24.89055843
25.13888536
25.46628474
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
25.36498789
25.41557374
25.51712145
24.91525568
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
25.79899527
25.87654515
25.95438803
26.13717174
26.26872838
26.37457878
25.61917419
25.72173647
26.48097214
26.58791317
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
24.81664551
24.42690639
0:00:00 23.02846759
24.69404943
24.5236444
24.62084412
24.98952721
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
23.59951307
23.92644213
24.1394209
24.30662677
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
345
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 5
Date: 12/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.54
k = q / 4πs = 0.859
22
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 6
Date: 12/23/16
Tested By: AJR
Water Content (%)
S18 19 Average
95.62 82.33
87.1 76.75
8.52 5.58
46.03 49.92
41.07 26.83
20.7 20.0 20.4
82.8 82.8 82.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.6
25.4
Calculation 1
1.626 Page 1 of 3
0.906
10.871
Notes:
5727
1321.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
53.8%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
6.98
0.1905
Initial Time, ti (s)
4592.1
1.70E-03
953.9
9.54E-04
8.20E-04
1.043
2.99
0.350
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
347
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 6
Date: 12/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.67 0
10.42 1.61
10.31 2.30
10.25 2.71
10.2 3.00
10.17 3.22
10.15 3.40
10.12 3.56
10.1 3.69
10.08 3.81
10.07 3.91
10.05 4.01
10.04 4.09
10.02 4.25
10 4.38
9.99 4.50
9.97 4.61
9.96 4.70
9.95 4.79
9.93 4.91
9.91 5.01
9.9 5.11
9.89 5.19
9.87 5.35
9.84 5.48
9.83 5.60
9.82 5.70
9.79 5.89
9.75 6.17
9.71 6.40
9.68 6.58
9.65 6.73
9.62 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
24.96474
25.03919205
25.06406983
25.08897792
24.7675186
24.84125341
24.98952721
25.21397565
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
25.13888536
25.18891491
25.23906712
24.86589103
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
25.39026521
25.41557374
25.49168735
25.59361341
25.69604788
25.77321009
25.28934254
25.36498789
25.85066273
25.92840773
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
24.79206726
24.54790089
0:00:00 23.36916869
24.71850975
24.59650068
24.66961843
24.91525568
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
23.94999659
24.21091234
24.35465335
24.47521794
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
348
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 6
Date: 12/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.34
k = q / 4πs = 1.626
22
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 7
Date: 1/3/17
Tested By: AJR
Water Content (%)
S18 19 Average S15 20
95.62 82.33 90.55 107.03
85.7 75.8
9.92 6.53
46.03 49.92 48.22 45.8
39.67 25.88
25.0 25.2 25.1
80.0 79.9 79.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.3
31.9
Calculation 1
1.272 Page 1 of 3
0.709
8.505
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
2585.5
9.58E-04
649.5
6.49E-04
1.87E-03
2.629
25.8%
3.39
0.390
0.15
8.81
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
3416
744.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
350
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 7
Date: 1/3/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.34 0
9.95 1.61
9.56 2.30
9.31 2.71
9.06 3.00
8.89 3.22
8.75 3.40
8.65 3.56
8.56 3.69
8.48 3.81
8.41 3.91
8.36 4.01
8.31 4.09
8.23 4.25
8.15 4.38
8.1 4.50
8.05 4.61
8.01 4.70
7.97 4.79
7.92 4.91
7.88 5.01
0.784 5.11
7.8 5.19
7.74 5.35
7.69 5.48
7.67 5.60
7.61 5.70
7.51 5.97
7.43 6.17
7.35 6.40
7.3 6.58
7.26 6.73
7.19 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.1394209 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.08897792
26.08478253
26.74936202
27.43580525
Recorded Time
28.61206463
28.87911372
29.33159331
OK
31.70843923
31.91237349
32.25622383
32.53492265
32.816891
32.99480351
31.47273539
31.64085263
33.13807515
33.3908347
0:06:30
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
29.11927208
29.48451553
Cumulative Time (s)
5
10
15
20
2527.91568413
28.31915822
165
180
30.13855097
30.45683659
30.58541531
30.71472515
30.87739936
31.00837532
31.2725829
29.63850335
29.88712718
30.29713263
72.71796463
30
35
40
45
50
55
240
270
300
390
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
351
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 7
Date: 1/3/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.55
k = q / 4πs = 1.272
24
25
26
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 8
Date: 1/3/17
Tested By: AJR
Water Content (%)
S18 19 Average S15 20
95.62 82.33 90.55 107.03
85.7 75.8
9.92 6.53
46.03 49.92 48.22 45.8
39.67 25.88
25.0 25.2 25.1
80.0 79.9 79.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
25.6
26.7
Calculation 1
1.523 Page 1 of 3
0.848
10.179
Notes:
5469
1216.2
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
55.6%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
9.04
0.1905
Initial Time, ti (s)
4226.4
1.57E-03
1061.6
1.06E-03
8.48E-04
1.220
3.39
0.400
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
353
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 8
Date: 1/3/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.42 0
10.12 1.61
9.97 2.30
9.88 2.71
9.83 3.00
9.79 3.22
9.75 3.40
9.73 3.56
9.71 3.69
9.69 3.81
9.67 3.91
9.65 4.01
9.64 4.09
9.6 4.25
9.58 4.38
9.56 4.50
9.55 4.61
9.53 4.70
9.51 4.79
9.49 4.91
9.47 5.01
9.45 5.11
9.44 5.19
9.4 5.35
9.39 5.48
9.36 5.60
9.33 5.70
9.31 5.89
9.26 6.17
9.22 6.40
9.19 6.58
9.16 6.73
9.12 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
26.03252585
26.11096054
26.16341623
26.21600531
25.74745718
25.85066273
26.08478253
26.37457878
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
26.26872838
26.32158601
26.40112603
25.87654515
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
26.61473456
26.69540663
26.74936202
26.8848639
26.99390132
27.07605352
26.50765586
26.5343739
27.15852869
27.26900159
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
25.79899527
25.49168735
0:00:00 23.94999659
25.69604788
25.59361341
25.64476681
25.9804011
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.66961843
25.03919205
25.26418939
25.39026521
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
354
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 8
Date: 1/3/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.47
k = q / 4πs = 1.523
23
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 9
Date: 1/3/17
Tested By: AJR
Water Content (%)
S15 20 Average S15 20
90.55 107.03 90.55 107.03
82.03 94.51 82.03 94.51
8.52 12.52
48.22 45.8 48.22 45.8
33.81 48.71
25.2 25.7 25.5
79.9 79.6 79.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.2
27.4
Calculation 1
1.851 Page 1 of 3
1.031
12.374
Notes:
6635
1480.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
83.4%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
12.13
0.1905
Initial Time, ti (s)
5144.6
1.91E-03
1309.4
1.31E-03
2.60E-04
0.824
3.87
0.470
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
356
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 9
Date: 1/3/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.36 0
9.94 1.61
9.77 2.30
9.66 2.71
9.6 3.00
9.55 3.22
9.52 3.40
9.48 3.56
9.46 3.69
9.43 3.81
9.42 3.91
9.39 4.01
9.37 4.09
9.35 4.25
9.32 4.38
9.3 4.50
9.28 4.61
9.26 4.70
9.24 4.79
9.22 4.91
9.2 5.01
9.18 5.11
9.16 5.19
9.14 5.35
9.12 5.48
9.1 5.60
9.08 5.70
9.04 5.89
8.99 6.17
8.95 6.40
8.92 6.58
8.89 6.73
8.86 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
26.72236688
26.83055762
26.8848639
26.9393116
26.4277073
26.5343739
26.77639215
27.10350925
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
26.99390132
27.04863366
27.15852869
26.58791317
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
27.32445629
27.3800573
27.49170077
27.63208926
27.7450735
27.83020784
27.2136926
27.26900159
27.91568413
28.00150451
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
26.45432264
26.11096054
0:00:00 24.09189915
26.34806546
26.18969406
26.29514034
26.64159055
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.11391641
25.54258711
25.8248128
25.9804011
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
357
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 9
Date: 1/3/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.52
k = q / 4πs = 1.851
23
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack Sat 1
Date: 5/26/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
21.30 21.30
21.30 43.03 26.3
0.00 21.7 5.00
0.00 405.37
0.00 1762.00 405.37 389.00
0% 39% 8.9% 8.5%
100% 72% 92.1% 92.1%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
28.3
30.2
Calculation 1 Calc 2
0.481 0.242 Page 1 of 3
0.268
3.213
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
20.3%
1394.8
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
3.89E-04
1.52E-03
1.110
Thermal Conductivity (btu in/ft2 F)
389.0
0.1524
0.003245
3307
8219
4563.0
1.72E-03
Initial Time, ti (s)
4563.0
1.72E-03
0.0
0.00E+00
1.55E-03
0.90
0.0%
2.41
0.300
0.15
4.82
0.179388 0.177888
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3267
7830
1394.4
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
359
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack Sat 1
Date: 5/26/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.56 0
9.31 1.61
9.11 2.30
8.98 2.71
8.89 3.00
8.82 3.22
8.77 3.40
8.72 3.56
8.68 3.69
8.63 3.81
8.59 3.91
8.55 4.01
8.51 4.09
8.43 4.25
8.34 4.38
8.24 4.50
8.14 4.61
8.05 4.70
7.97 4.79
7.89 4.91
7.82 5.01
7.77 5.11
7.73 5.19
7.69 5.35
7.64 5.48
7.61 5.60
7.58 5.70
7.54 5.89
7.48 6.17
7.44 6.40
7.41 6.58
7.39 6.73
7.36 6.90
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 26.08478253 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.74936202
27.29671069
27.66027897
27.91568413
28.52377454
28.78973198
OK
31.91237349
32.01500588
32.15254469
32.36035586
32.4999075
0:14:00
0:16:30
31.64085263
31.81018545
32.67549505
32.78146447
28.11647069
28.26105191
28.40661312
0:06:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
32.60510629
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.67112547
28.90898938
Cumulative Time (s)
5
10
15
20
25
165
180
29.54598218
30.17017805
30.45683659
30.71472515
30.97556126
31.20624722
31.50626215
29.028903
29.2707204
29.855897
31.37244368
30
35
40
45
50
55
240
270
300
360
480
600
720
840
990
210
60
70
80
90
100
110
120
135
150
360
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack Sat 1
Date: 5/26/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.80
k = q / 4πs = 0.481
24
25
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30
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack Sat 2
Date: 5/26/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Measured Actual
26.30 26.30
26.30 42.74 31.0
0.00 16.4 4.70
0.00 381.04 373.00
0.00 1333.06 381.04 373.00
0% 26% 7.4% 7.3%
100% 79% 93.2% 93.2%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
150
28.8
31.9
Calculation 1 Calc 2
1.208 0.530 Page 1 of 3
0.673
8.077
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
28.0%
1570.5
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
3.73E-04
9.60E-04
0.687
Thermal Conductivity (btu in/ft2 F)
373.0
0.1524
0.003272
3271
8783
5139.0
1.94E-03
Initial Time, ti (s)
5139.0
1.94E-03
0.0
0.00E+00
1.33E-03
0.69
0.0%
3.92
0.500
0.15
13.07
0.1794 0.1794
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3271
8410
1570.5
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
362
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack Sat 2
Date: 5/26/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.91 0
9.62 1.61
9.38 2.30
9.18 2.71
8.96 3.00
8.75 3.22
8.59 3.40
8.46 3.56
8.33 3.69
8.23 3.81
8.15 3.91
8.08 4.01
8.01 4.09
7.91 4.25
7.82 4.38
7.78 4.50
7.73 4.61
7.7 4.70
7.67 4.79
4.91
7.6 5.01
7.58 5.11
7.56 5.19
7.54 5.35
7.51 5.48
7.5 5.60
7.48 5.70
7.45 5.89
7.41 6.17
7.38 6.40
7.35 6.58
7.32 6.77
7.3 6.87
7.21 7.33
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 25.18891491 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.92840773
26.56112631
27.10350925
27.71677101
0:25:30
29.57677966
30.13855097
33.31835203
OK
32.29088406
32.36035586
32.46494335
32.60510629
32.71076659
0:14:30
0:16:00
32.15254469
32.25622383
32.92348215
32.99480351
28.31915822
28.78973198
29.17972601
0:06:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
32.816891
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
29.88712718
30.36087891
Cumulative Time (s)
5
10
15
20
25
165
180
31.20624722
31.50626215
31.60713231
31.70843923
31.94653478
32.08367559
30.58541531
30.91007337
31.339109
32.01500588
30
35
40
45
50
55
240
270
300
360
480
600
720
870
960
1530
210
60
70
80
90
100
110
120
135
150
363
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack Sat 2
Date: 5/26/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.86
k = q / 4πs = 1.208
25
26
27
28
29
30
31
32
33
34
1 10 100 1000 10000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
364
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa sat 1
Date: 5/30/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Measured Actual
17.50 17.50
17.50 34.65 29.5
0.00 17.1 12.00
0.00 972.88 955.00
0.00 1390.04 972.88 955.00
0% 28% 19.5% 19.1%
100% 78% 83.9% 83.9%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
40
150
27.8
28.1
Calculation 1 Calc 2
1.896 1.909 Page 1 of 3
1.056
12.672
Notes:
Wt Mold = wet stone/mold/ water at base
8277
1524.3
Percent Solids (%)
Wt. Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003272
3289
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
955.0
0.1524
0.003199
3289
9232
4988.0
1.88E-03
Initial Time, ti (s)
4988.0
1.88E-03
0.0
0.00E+00
1.39E-03
0.74
0.0%
Vol. Gas Vg (m3)
Void Ratio e
2.75
0.340
0.15
Thermal Conductivity (btu in/ft2 F)
Mass Water g
1559.1
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
SET UP TESTING
9.55E-04
3.62E-04
0.700
72.5%
6.23
0.1794 0.1754
365
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa sat 1
Date: 5/30/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.56 0
9.32 1.61
9.17 2.30
9.08 2.71
9.02 3.00
8.99 3.22
8.96 3.40
8.94 3.56
8.93 3.69
8.92 3.81
8.91 3.91
8.9 4.01
8.89 4.09
8.88 4.25
8.86 4.38
8.85 4.50
8.84 4.61
8.84 4.70
8.83 4.79
8.82 4.91
8.81 5.01
8.8 5.11
8.79 5.19
8.78 5.35
8.77 5.48
8.76 5.60
8.75 5.70
8.73 5.89
8.71 6.17
8.7 6.40
8.69 6.58
8.69 6.73
8.69 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
480
600
180
28.00150451
28.05891033
28.05891033
28.08767115
27.83020784
27.88715391
28.03018814
28.17418622
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.11647069
28.14530902
28.20310239
27.91568413
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
28.49442448
OK
28.29008542
28.31915822
28.37742199
28.43584386
28.46511429
0:14:00
0:16:00
28.23205759
28.26105191
28.49442448
28.49442448
27.63208926
27.71677101
27.77341376
0:06:00
0:08:00
0:10:00
0:12:00
0:00:00 26.08478253
27.80179184
27.85866184
27.94425258
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.72236688
27.13100095
27.3800573
27.54774448
Recorded Time
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
1
366
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa sat 1
Date: 5/30/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.26
k = q / 4πs = 1.896
25
25.5
26
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa sat 2a
Date: 5/30/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Measured Actual
29.50 29.50
29.50 44.00 38.8
0.00 14.5 9.30
0.00 753.98 750.00
0.00 1175.70 753.98 750.00
0% 21% 13.6% 13.5%
100% 83% 88.1% 88.1%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
45
165
27.3
27.6
Calculation 1 Calc 2
3.021 2.939 Page 1 of 3
1.683
20.194
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
63.8%
1697.9
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
7.50E-04
4.26E-04
0.56
Thermal Conductivity (btu in/ft2 F)
750.0
0.1524
0.003272
3265
9571
5556.0
2.10E-03
Initial Time, ti (s)
5556.0
2.10E-03
0.0
0.00E+00
1.18E-03
0.56
0.0%
3.36
0.425
0.15
9.52
0.1794 0.1794
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3265
8821
1697.9
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa sat 2a
Date: 5/30/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.86 0
9.51 1.61
9.36 2.30
9.28 2.71
9.23 3.00
9.19 3.22
9.17 3.40
9.15 3.56
9.14 3.69
9.12 3.81
9.11 3.91
9.1 4.01
9.09 4.09
9.08 4.25
9.07 4.38
9.06 4.50
9.05 4.61
9.04 4.70
9.03 4.79
9.02 4.91
9.01 5.01
9 5.11
9 5.19
8.98 5.35
8.97 5.48
8.97 5.60
8.96 5.70
8.95 5.89
8.93 6.17
8.92 6.40
8.92 6.58
8.91 6.73
8.91 6.87
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 25.31452662 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.21600531
26.61473456
26.83055762
26.96658867
27.2136926
27.29671069
OK
27.68850619
27.71677101
27.7450735
27.80179184
27.83020784
0:14:00
0:16:00
27.66027897
27.68850619
27.85866184
27.85866184
27.07605352
27.13100095
27.18609255
0:06:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
27.83020784
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.26900159
27.32445629
Cumulative Time (s)
5
10
15
20
25
165
180
27.40791287
27.46373453
27.49170077
27.51970406
27.54774448
27.5758221
27.603937
27.35223846
27.3800573
27.43580525
27.603937
30
35
40
45
50
55
240
270
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
369
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa sat 2a
Date: 5/30/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.25
k = q / 4πs = 3.021
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 3
Date: 12/23/16
Tested By: AJR
Water Content (%)
6% 19 Average
102.41 102.41
98.13 98.13
4.28 4.28
44.00 44.00
54.13 54.13
7.9 7.9 7.9
92.7 92.7 92.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.1
25.0
Calculation 1
0.777 Page 1 of 3
0.433
5.191
Notes:
4192
1075.3
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003457
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
14.1%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.48
0.1895
Initial Time, ti (s)
3717.1
1.38E-03
293.9
2.94E-04
1.79E-03
1.511
2.18
0.240
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 3
Date: 12/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.98 0
10.8 1.61
10.66 2.30
10.56 2.71
10.48 3.00
10.41 3.22
10.36 3.40
10.31 3.56
10.29 3.69
10.26 3.81
10.24 3.91
10.23 4.01
10.21 4.09
10.18 4.25
10.16 4.38
10.15 4.50
10.13 4.61
10.12 4.70
10.1 4.79
10.09 4.91
10.08 5.01
10.07 5.11
10.05 5.19
10.03 5.35
10.02 5.48
10 5.60
9.99 5.70
5.89
6.17
6.40
6.58
6.73
6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
24.57218629
24.64521669
24.66961843
24.71850975
24.33062589
24.40279353
24.59650068
24.79206726
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
24.74299945
24.7675186
24.84125341
24.45104783
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
Too Hot
24.96474
24.98952721
80.66341
80.66341
80.66341
80.66341
24.89055843
24.91525568
80.66341
80.66341
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
24.37870921
23.97357836
0:00:00 22.67122234
24.25871327
24.09189915
24.21091234
24.5236444
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
23.07356646
23.39208612
23.62269163
23.80907742
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 3
Date: 12/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.36
k = q / 4πs = 0.777
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 4
Date: 1/10/17
Tested By: AJR
Water Content (%)
6% 19 Average
102.41 102.41
98.13 98.13
4.28 4.28
44.00 44.00
54.13 54.13
7.9 7.9 7.9
92.7 92.7 92.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.6
25.5
Calculation 1
1.097 Page 1 of 3
0.611
7.330
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4430.7
1.64E-03
350.3
3.50E-04
1.48E-03
1.118
19.1%
2.50
0.290
0.15
4.83
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
4962
1275.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 4
Date: 1/10/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.95 0
10.7 1.61
10.52 2.30
10.41 2.71
10.3 3.00
10.22 3.22
10.16 3.40
10.12 3.56
10.08 3.69
10.06 3.81
10.04 3.91
10.02 4.01
10 4.09
9.98 4.25
9.96 4.38
9.94 4.50
9.93 4.61
9.92 4.70
9.9 4.79
9.89 4.91
9.87 5.01
9.86 5.11
9.85 5.19
9.83 5.42
9.82 5.48
9.81 5.60
9.79 5.70
5.89
6.17
6.40
6.58
6.73
6.93
Temp Check = 
0:03:45
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 22.73773129 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
23.30057085
23.71567098
23.97357836
24.23479877
Recorded Time
24.66961843
24.7675186
24.86589103
Too Hot
25.44091357
25.49168735
80.66341
80.66341
80.66341
80.66341
25.39026521
25.41557374
80.66341
80.66341
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
24.81664551
24.91525568
Cumulative Time (s)
5
10
15
20
2524.42690639
24.57218629
165
180
25.06406983
25.13888536
25.16388484
25.21397565
25.23906712
25.28934254
25.33974172
24.96474
25.01434454
25.11391641
25.31452662
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
225
60
70
80
90
100
110
120
135
150
375
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 4
Date: 1/10/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.35
k = q / 4πs = 1.097
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 5
Date: 1/10/17
Tested By: AJR
Water Content (%)
6% 19 Average
124.77 124.77
117.86 117.86
6.91 6.91
44.00 44.00
73.86 73.86
9.4 9.4 9.4
91.4 91.4 91.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.7
25.6
Calculation 1
1.734 Page 1 of 3
0.966
11.592
Notes:
5357
1362.1
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
25.7%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
6.95
0.1905
Initial Time, ti (s)
4733.2
1.75E-03
442.8
4.43E-04
1.28E-03
0.982
2.98
0.350
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
377
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 5
Date: 1/10/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.85 0
10.54 1.61
10.37 2.30
10.26 2.71
10.2 3.00
10.13 3.22
10.09 3.40
10.05 3.56
10.02 3.69
10 3.81
9.98 3.91
9.96 4.01
9.95 4.09
9.93 4.25
9.91 4.38
9.9 4.50
9.88 4.61
9.87 4.70
9.86 4.79
9.85 4.91
9.83 5.01
9.82 5.11
9.81 5.19
9.79 5.35
9.77 5.48
9.76 5.60
9.75 5.70
5.89
6.17
6.40
6.58
6.73
6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
25.18891491
25.26418939
25.28934254
25.31452662
24.96474
25.06406983
25.21397565
25.41557374
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
25.33974172
25.39026521
25.44091357
25.08897792
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
Too Hot
25.56808441
25.59361341
80.66341
80.66341
80.66341
80.66341
25.49168735
25.54258711
80.66341
80.66341
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
25.01434454
24.64521669
0:00:00 22.96100584
24.91525568
24.74299945
24.84125341
25.13888536
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
23.66912816
24.06817986
24.33062589
24.47521794
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
378
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 5
Date: 1/10/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.32
k = q / 4πs = 1.734
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 6
Date: 1/10/17
Tested By: AJR
Water Content (%)
6% 19 Average
55.40 55.40
45.7 45.7
9.70 9.70
1.20 1.20
44.50 44.50
21.8 21.8 21.8
82.1 82.1 82.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.9
25.7
Calculation 1
2.369 Page 1 of 3
1.320
15.834
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4918.8
1.82E-03
1072.2
1.07E-03
5.81E-04
0.907
64.9%
3.45
0.415
0.15
9.55
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
6172
1415.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
380
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 6
Date: 1/10/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.84 0
10.46 1.61
10.26 2.30
10.16 2.71
10.1 3.00
10.05 3.22
10.02 3.40
9.99 3.56
9.97 3.69
9.95 3.81
9.94 3.91
9.92 4.01
9.91 4.09
9.89 4.25
9.87 4.38
9.86 4.50
9.84 4.61
9.83 4.70
9.82 4.79
9.81 4.91
9.79 5.01
9.78 5.11
9.77 5.19
9.75 5.35
9.73 5.48
9.71 5.60
9.7 5.70
5.89
6.17
6.40
6.58
6.73
6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 22.98346829 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
23.85594204
24.33062589
24.57218629
24.71850975
Recorded Time
24.98952721
25.03919205
25.11391641
Too Hot
25.69604788
25.72173647
80.66341
80.66341
80.66341
80.66341
25.59361341
25.64476681
80.66341
80.66341
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
25.08897792
25.16388484
Cumulative Time (s)
5
10
15
20
2524.84125341
24.91525568
165
180
25.28934254
25.36498789
25.39026521
25.41557374
25.44091357
25.49168735
25.54258711
25.18891491
25.23906712
25.31452662
25.51712145
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
381
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 6
Date: 1/10/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.32
k = q / 4πs = 2.369
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 7
Date: 1/14/17
Tested By: AJR
Water Content (%)
6% 6% Average
55.40 55.40
45.7 45.7
9.70 9.70
1.01 1.01
44.69 44.69
21.7 21.7 21.7
82.2 82.2 82.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.4
31.4
Calculation 1
1.037 Page 1 of 3
0.578
6.930
Notes:
4914
1137.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003420
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
42.6%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
11.87
0.1875
Initial Time, ti (s)
3888.9
1.44E-03
844.1
8.44E-04
1.14E-03
1.375
3.87
0.460
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 7
Date: 1/14/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.77 0
9.27 1.61
8.9 2.30
8.7 2.71
8.55 3.00
8.47 3.22
8.4 3.40
8.34 3.56
8.3 3.69
8.27 3.81
8.24 3.91
8.21 4.01
8.19 4.09
8.13 4.25
8.1 4.38
8.07 4.50
8.04 4.61
8 4.70
7.99 4.79
7.95 4.91
7.93 5.01
7.89 5.11
7.87 5.19
7.84 5.35
7.81 5.48
7.78 5.60
7.76 5.70
7.72 5.89
7.66 6.17
7.62 6.40
6.58
6.73
6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
30.29713263
30.48891304
30.617674
30.64997848
29.76246806
29.94971889
30.39281962
30.97556126
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
30.77965604
30.84477187
31.04123626
30.01248629
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
Too Hot
31.339109
31.40582625
31.53983716
31.7423057
31.87826156
80.66341
31.14010122
31.23939131
80.66341
80.66341
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
29.855897
29.1494782
0:00:00 25.54258711
29.66942973
29.36209302
29.54598218
30.20184967
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.85769312
27.88715391
28.46511429
28.90898938
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 7
Date: 1/14/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.91
k = q / 4πs = 1.037
25
26
27
28
29
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 8
Date: 1/14/17
Tested By: AJR
Water Content (%)
6% 19 Average
134.72 132.20
92 92
42.72 40.20
44.00 49.92
48.00 42.08
89.0 95.5 92.3
52.9 51.1 52.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.5
28.5
Calculation 1
2.396 Page 1 of 3
1.335
16.016
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1875
Initial Time, ti (s)
2972.3
1.10E-03
2740.7
2.74E-03
 
2.107
118.2%
3.88
0.465
0.15
12.01
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003420
181
5894
869.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 8
Date: 1/14/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.83 0
9.4 1.61
9.24 2.30
9.15 2.71
9.09 3.00
9.05 3.22
9.02 3.40
8.99 3.56
8.97 3.69
8.95 3.81
8.94 3.91
8.93 4.01
8.91 4.09
8.89 4.25
8.87 4.38
8.86 4.50
8.84 4.61
8.83 4.70
8.81 4.79
8.8 4.91
8.78 5.01
8.77 5.11
8.76 5.19
8.74 5.35
8.72 5.48
8.71 5.60
8.7 5.70
8.68 5.89
8.63 6.17
8.6 6.40
6.58
6.73
6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 25.39026521 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.50765586
26.9393116
27.18609255
27.35223846
Recorded Time
27.63208926
27.68850619
27.77341376
Too Hot
28.43584386
28.46511429
28.52377454
28.67112547
28.76001954
80.66341
28.34827038
28.40661312
80.66341
80.66341
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.7450735
27.80179184
Cumulative Time (s)
5
10
15
20
2527.46373453
27.54774448
165
180
27.97285935
28.05891033
28.08767115
28.14530902
28.17418622
28.23205759
28.29008542
27.85866184
27.91568413
28.00150451
28.26105191
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
387
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 8
Date: 1/14/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.40
k = q / 4πs = 2.396
25
25.5
26
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 9
Date: 1/14/17
Tested By: AJR
Water Content (%)
S15 20 Average
150.09 169.22
111 111
39.09 58.22
48.22 45.8
62.78 65.20
62.3 89.3 75.8
61.6 52.8 57.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.3
28.1
Calculation 1
3.120 Page 1 of 3
1.738
20.855
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1875
Initial Time, ti (s)
3553.8
1.32E-03
2656.2
2.66E-03
 
1.599
126.2%
4.21
0.510
0.15
14.31
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003420
181
6391
1039.1
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
389
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 9
Date: 1/14/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.91 0
9.47 1.61
9.31 2.30
9.23 2.71
9.19 3.00
9.15 3.22
9.12 3.40
9.09 3.56
9.07 3.69
9.06 3.81
9.04 3.91
9.03 4.01
9.02 4.09
9 4.25
8.98 4.38
8.97 4.50
8.95 4.61
8.94 4.70
8.93 4.79
8.92 4.91
8.9 5.01
8.89 5.11
8.88 5.19
8.86 5.35
8.85 5.48
8.83 5.60
8.82 5.70
8.8 5.89
8.76 6.17
8.74 6.40
6.58
6.73
6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 25.18891491 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.32158601
26.74936202
26.96658867
27.07605352
Recorded Time
27.35223846
27.40791287
27.49170077
Too Hot
28.08767115
28.11647069
28.17418622
28.29008542
28.34827038
80.66341
28.00150451
28.03018814
80.66341
80.66341
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.43580525
27.51970406
Cumulative Time (s)
5
10
15
20
2527.18609255
27.26900159
165
180
27.66027897
27.7450735
27.77341376
27.80179184
27.83020784
27.88715391
27.94425258
27.54774448
27.603937
27.68850619
27.91568413
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
390
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 9
Date: 1/14/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.37
k = q / 4πs = 3.120
25
25.5
26
26.5
27
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28
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth sat 1
Date: 5/30/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Measured Actual
15.40 15.40
15.40 30.63 27.6
0.00 15.2 12.20
0.00 989.09 994.00
0.00 1234.94 989.09 994.00
0% 23% 18.3% 18.4%
100% 81% 84.5% 84.5%
Testing Conditions
3289
9647
Results
From Psudo-Steady State Plot Portion:
20
100
30.6
32.6
Calculation 1 Calc 2
2.275 0.850 Page 1 of 3
1.267
15.208
Notes:
Wt Mold = wet stone/mold/ water at base
8695
1649.9
Percent Solids (%)
Wt. Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003272
3296
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
994.0
0.1524
0.003218
3296
9689
5399.0
2.04E-03
Initial Time, ti (s)
5399.0
2.04E-03
0.0
0.00E+00
1.23E-03
0.61
0.0%
Vol. Gas Vg (m3)
Void Ratio e
3.90
0.490
0.15
Thermal Conductivity (btu in/ft2 F)
Mass Water g
1678.0
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
SET UP TESTING
9.94E-04
1.86E-04
0.579
84.2%
12.74
0.1794 0.1764
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth sat 1
Date: 5/30/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.48 0
8.9 1.61
8.51 2.30
8.18 2.71
7.99 3.00
7.8 3.22
7.72 3.40
7.65 3.56
7.61 3.69
7.58 3.81
7.55 3.91
7.52 4.01
7.51 4.09
7.48 4.25
7.45 4.38
7.43 4.50
7.42 4.61
7.41 4.70
7.39 4.79
7.38 4.91
7.37 5.01
7.35 5.11
7.34 5.19
7.32 5.35
7.31 5.48
7.3 5.60
7.28 5.70
7.26 5.89
7.24 6.17
7.22 6.40
7.21 6.58
7.21 6.73
7.21 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
480
600
180
32.46494335
32.56998888
32.60510629
32.67549505
32.01500588
32.22161393
32.53492265
32.816891
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
32.71076659
32.7460897
32.8523694
32.25622383
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
33.31835203
OK
32.99480351
33.06633425
33.13807515
33.210027
33.28219059
0:14:00
0:16:00
32.92348215
32.9591167
33.31835203
33.31835203
31.2725829
31.53983716
31.77622108
0:06:00
0:08:00
0:10:00
0:12:00
0:00:00 26.29514034
31.91237349
32.11808517
32.36035586
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
27.88715391
29.028903
30.04393609
30.64997848
Recorded Time
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth sat 1
Date: 5/30/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.45
k = q / 4πs = 2.275
31
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 2
Date: 12/23/16
Tested By: AJR
Water Content (%)
S18 19 Average
100.91 101.84
99.11 100.08
1.80 1.76
46.03 49.92
53.08 50.16
3.4 3.5 3.4
96.7 96.6 96.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.9
32.4
Calculation 1
0.839 Page 1 of 3
0.467
5.610
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4317.1
1.60E-03
148.9
1.49E-04
1.73E-03
1.173
7.9%
3.07
0.360
0.15
7.37
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
4647
1242.3
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 2
Date: 12/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.15 0
9.81 1.61
9.45 2.30
9.14 2.71
8.9 3.00
8.71 3.22
8.55 3.40
8.42 3.56
8.32 3.69
8.24 3.81
8.17 3.91
8.1 4.01
8.05 4.09
7.97 4.25
4.38
7.84 4.50
7.78 4.61
4.70
7.71 4.79
7.68 4.91
5.01
7.62 5.11
7.59 5.19
7.56 5.35
7.53 5.48
5.60
7.46 5.70
7.42 5.89
7.34 6.17
7.34 6.40
6.58
7.29 6.73
7.23 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.59650068 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.44091357
26.37457878
27.2136926
27.88715391
Recorded Time
29.3011358
29.60762002
30.07543008
OK
32.43003009
32.56998888
32.8523694
32.8523694
32.08367559
32.18705424
33.03054265
33.24608228
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
29.855897
30.29713263
Cumulative Time (s)
5
10
15
20
2528.43584386
28.90898938
165
180
31.339109
31.57346051
31.67462157
31.98074555
30.45683659
30.71472515
31.14010122
31.87826156
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
396
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 2
Date: 12/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.70
k = q / 4πs = 0.839
22
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 3
Date: 12/23/16
Tested By: AJR
Water Content (%)
S18 19 Average
100.91 101.84
99.11 100.08
1.80 1.76
46.03 49.92
53.08 50.16
3.4 3.5 3.4
96.7 96.6 96.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.4
30.5
Calculation 1
0.916 Page 1 of 3
0.510
6.124
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
5205.4
1.93E-03
179.6
1.80E-04
1.37E-03
0.802
11.6%
3.07
0.360
0.15
7.37
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
5566
1498.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 3
Date: 12/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.16 0
9.81 1.61
9.47 2.30
9.19 2.71
8.98 3.00
8.83 3.22
8.72 3.40
8.63 3.56
8.56 3.69
8.51 3.81
8.47 3.91
8.43 4.01
8.4 4.09
8.35 4.25
8.32 4.38
8.29 4.50
8.26 4.61
8.24 4.70
8.22 4.79
8.2 4.91
8.18 5.01
8.16 5.11
8.14 5.19
8.11 5.35
8.08 5.48
8.07 5.60
8.05 5.70
8.02 5.89
7.97 6.17
7.92 6.40
7.89 6.58
7.85 6.73
7.82 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.57218629 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.44091357
26.32158601
27.07605352
27.66027897
Recorded Time
28.67112547
28.87911372
29.1494782
OK
30.39281962
30.45683659
30.55320231
30.71472515
30.87739936
30.97556126
30.26532687
30.36087891
31.10709912
31.20624722
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
29.028903
29.2707204
Cumulative Time (s)
5
10
15
20
2528.08767115
28.40661312
165
180
29.60762002
29.79356752
29.855897
29.91840112
29.98108058
30.04393609
30.17017805
29.36209302
29.5152275
29.70039925
30.10696835
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
399
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 3
Date: 12/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.64
k = q / 4πs = 0.916
22
24
26
28
30
32
34
1 10 100 1000 10000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
400
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 4
Date: 12/23/16
Tested By: AJR
Water Content (%)
S18 19 Average
91.40 124.89
90.08 122.67
1.32 2.22
46.03 49.92
44.05 72.75
3.0 3.1 3.0
97.1 97.0 97.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.6
30.2
Calculation 1
1.152 Page 1 of 3
0.642
7.701
Notes:
6084
1648.8
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
12.8%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
9.05
0.1905
Initial Time, ti (s)
5729.7
2.12E-03
173.3
1.73E-04
1.18E-03
0.638
3.40
0.400
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
401
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 4
Date: 12/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.99 0
9.55 1.61
9.27 2.30
9.02 2.71
8.85 3.00
8.74 3.22
8.65 3.40
8.59 3.56
8.54 3.69
8.5 3.81
8.48 3.91
8.45 4.01
8.43 4.09
8.38 4.25
8.36 4.38
8.33 4.50
8.31 4.61
8.29 4.70
8.28 4.79
8.25 4.91
5.01
8.22 5.11
8.21 5.19
8.18 5.35
8.16 5.48
8.14 5.60
8.13 5.70
8.11 5.89
8.05 6.17
8.02 6.40
7.98 6.58
7.96 6.73
7.94 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
29.48451553
29.63850335
29.70039925
29.731412
29.05898456
29.21001559
29.57677966
29.91840112
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.82471047
80.66341
29.94971889
29.2707204
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
30.17017805
30.20184967
30.26532687
30.45683659
30.55320231
30.68232883
30.04393609
30.10696835
30.74716752
30.81219079
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
29.11927208
28.34827038
0:00:00 24.98952721
28.93890605
28.61206463
28.78973198
29.42321937
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.11096054
26.85769312
27.54774448
28.03018814
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
402
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 4
Date: 12/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.63
k = q / 4πs = 1.152
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34
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 5
Date: 12/23/16
Tested By: AJR
Water Content (%)
S18 S18 Average
87.89 87.89
85.84 85.84
2.05 2.05
46.03 46.03
39.81 39.81
5.1 5.1 5.1
95.1 95.1 95.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.9
31.0
Calculation 1
0.856 Page 1 of 3
0.477
5.720
Notes:
4667
1227.7
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
11.6%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
11.84
0.1905
Initial Time, ti (s)
4266.3
1.58E-03
219.7
2.20E-04
1.68E-03
1.199
3.86
0.460
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
404
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 5
Date: 12/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.76 0
10.22 1.61
9.77 2.30
9.44 2.71
9.2 3.00
9.01 3.22
8.89 3.40
8.79 3.56
8.7 3.69
8.63 3.81
8.57 3.91
8.52 4.01
8.47 4.09
8.4 4.25
8.33 4.38
8.28 4.50
8.23 4.61
8.21 4.70
8.17 4.79
8.13 4.91
8.09 5.01
8.06 5.11
8.03 5.19
7.98 5.35
7.94 5.48
7.9 5.60
7.87 5.70
7.81 5.89
7.73 6.17
7.69 6.40
7.64 6.58
7.59 6.73
7.54 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
29.57677966
29.88712718
29.94971889
30.07543008
28.67112547
28.99886278
29.731412
30.42480548
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
30.20184967
30.32898328
30.52103492
29.1494782
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
30.94279397
31.04123626
31.23939131
31.50626215
31.64085263
31.81018545
30.68232883
30.81219079
31.98074555
32.15254469
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
28.84927899
27.5758221
0:00:00 23.1640648
28.46511429
27.91568413
28.20310239
29.36209302
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.42690639
25.54258711
26.40112603
27.04863366
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
405
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 5
Date: 12/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.10
k = q / 4πs = 0.856
22
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26
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34
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 6
Date: 1/4/17
Tested By: AJR
Water Content (%)
S18 S18 Average
87.89 87.89
85.84 85.84
2.05 2.05
46.03 46.03
39.81 39.81
5.1 5.1 5.1
95.1 95.1 95.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.3
30.6
Calculation 1
1.204 Page 1 of 3
0.671
8.046
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
5065.2
1.88E-03
260.8
2.61E-04
1.34E-03
0.852
16.3%
3.86
0.460
0.15
11.84
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
5507
1457.6
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
407
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 6
Date: 1/4/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.45 0
9.89 1.61
9.51 2.30
9.21 2.71
9 3.00
8.84 3.22
8.74 3.40
8.65 3.56
8.59 3.69
8.54 3.81
8.49 3.91
8.46 4.01
8.42 4.09
8.37 4.25
8.33 4.38
8.3 4.50
8.26 4.61
8.24 4.70
8.22 4.79
8.19 4.91
8.17 5.01
8.15 5.11
8.12 5.19
5.35
8.05 5.48
8.02 5.60
8 5.70
7.96 5.89
7.9 6.17
7.86 6.40
7.82 6.58
7.79 6.73
7.76 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 23.87941492 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.23906712
26.21600531
27.02124962
27.603937
Recorded Time
28.61206463
28.78973198
29.08910756
OK
30.55320231
30.617674
30.74716752
30.94279397
31.07414417
31.20624722
30.45683659
31.3058221
31.40582625
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.93890605
29.17972601
Cumulative Time (s)
5
10
15
20
2528.05891033
28.34827038
165
180
29.57677966
29.79356752
29.855897
29.91840112
30.01248629
30.07543008
30.23356591
29.3011358
29.45384618
29.66942973
30.13855097
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
408
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 6
Date: 1/4/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.78
k = q / 4πs = 1.204
22
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34
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 7
Date: 1/4/17
Tested By: AJR
Water Content (%)
S18 19 Average
76.80 108.40
75.44 105.74
1.36 2.66
46.03 49.92
29.41 55.82
4.6 4.8 4.7
95.6 95.5 95.5
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.3
28.6
Calculation 1
1.914 Page 1 of 3
1.066
12.793
Notes:
6502
1737.4
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
22.9%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
12.09
0.1905
Initial Time, ti (s)
6037.6
2.24E-03
283.4
2.83E-04
9.55E-04
0.554
3.86
0.470
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
410
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 7
Date: 1/4/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.47 0
9.94 1.61
9.58 2.30
9.38 2.71
9.24 3.00
9.15 3.22
9.1 3.40
9.05 3.56
9.01 3.69
8.98 3.81
8.96 3.91
8.94 4.01
8.92 4.09
8.89 4.25
8.87 4.38
8.84 4.50
8.83 4.61
8.81 4.70
8.8 4.79
8.78 4.91
8.77 5.01
8.75 5.11
8.74 5.19
8.72 5.35
8.7 5.48
8.68 5.60
8.67 5.70
8.64 5.89
8.6 6.17
8.57 6.40
8.54 6.58
8.52 6.73
8.5 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
27.97285935
28.08767115
28.14530902
28.17418622
27.66027897
27.77341376
28.05891033
28.31915822
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.23205759
28.26105191
28.34827038
27.83020784
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
28.52377454
28.55316452
28.64157492
28.76001954
28.84927899
28.93890605
28.40661312
28.46511429
28.99886278
29.05898456
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
27.71677101
27.18609255
0:00:00 23.83249623
27.5758221
27.32445629
27.46373453
27.91568413
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.11391641
26.03252585
26.56112631
26.9393116
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
411
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 7
Date: 1/4/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.50
k = q / 4πs = 1.914
23
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28
29
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 8
Date: 1/10/17
Tested By: AJR
Water Content (%)
S15 20 Average
118.92 158.69
111.79 147.24
7.13 11.45
48.22 45.8
63.57 101.44
11.2 11.3 11.3
89.9 89.9 89.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.3
30.1
Calculation 1
1.316 Page 1 of 3
0.733
8.799
Notes:
5507
1377.7
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
31.7%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
9.43
0.1905
Initial Time, ti (s)
4787.3
1.77E-03
538.7
5.39E-04
1.16E-03
0.960
3.45
0.410
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
413
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 8
Date: 1/10/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.66 0
10.1 1.61
9.64 2.30
9.31 2.71
9.06 3.00
8.89 3.22
8.77 3.40
8.67 3.56
8.61 3.69
8.56 3.81
8.52 3.91
8.49 4.01
8.47 4.09
8.43 4.25
8.4 4.38
8.37 4.50
8.35 4.61
8.33 4.70
8.32 4.79
8.3 4.91
8.28 5.01
8.26 5.11
8.25 5.19
8.22 5.35
8.2 5.48
8.18 5.60
8.16 5.70
5.89
6.17
6.40
6.58
6.73
6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
29.36209302
29.5152275
29.57677966
29.60762002
28.87911372
29.08910756
29.45384618
29.79356752
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.66942973
29.731412
29.82471047
29.1494782
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
30.04393609
30.10696835
29.91840112
29.98108058
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
28.99886278
27.91568413
0:00:00 23.39208612
28.7303477
28.26105191
28.55316452
29.2707204
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.71850975
25.87654515
26.74936202
27.43580525
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
414
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 8
Date: 1/10/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.57
k = q / 4πs = 1.316
23
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 9
Date: 1/10/17
Tested By: AJR
Water Content (%)
S15 20 Average
118.92 158.69
111.79 147.24
7.13 11.45
48.22 45.8
63.57 101.44
11.2 11.3 11.3
89.9 89.9 89.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.1
30.2
Calculation 1
1.404 Page 1 of 3
0.782
9.382
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4945.5
1.83E-03
556.5
5.56E-04
1.09E-03
0.897
33.9%
3.45
0.410
0.15
9.43
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
5683
1423.2
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
416
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 9
Date: 1/10/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.64 0
10.14 1.61
9.71 2.30
9.37 2.71
9.13 3.00
8.95 3.22
8.82 3.40
8.72 3.56
8.64 3.69
8.58 3.81
8.53 3.91
8.49 4.01
8.46 4.09
8.4 4.25
8.37 4.38
8.34 4.50
8.31 4.61
8.29 4.70
8.27 4.79
8.25 4.91
8.23 5.01
8.22 5.11
8.21 5.19
8.18 5.35
8.16 5.48
8.14 5.60
8.12 5.70
5.89
6.17
6.40
6.58
6.73
6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 23.43799856 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.62084412
25.69604788
26.58791317
27.24132892
Recorded Time
28.40661312
28.64157492
28.96886382
Too Hot
30.17017805
30.23356591
80.66341
80.66341
80.66341
80.66341
30.04393609
30.10696835
80.66341
80.66341
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.81948511
29.08910756
Cumulative Time (s)
5
10
15
20
2527.7450735
28.11647069
165
180
29.45384618
29.63850335
29.70039925
29.76246806
29.82471047
29.88712718
29.94971889
29.17972601
29.36209302
29.54598218
29.91840112
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
417
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 9
Date: 1/10/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.53
k = q / 4πs = 1.404
23
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 10
Date: 1/10/17
Tested By: AJR
Water Content (%)
S15 20 Average
111.79 97.36
105.55 92.29
6.24 5.07
48.22 45.8
57.33 46.49
10.9 10.9 10.9
90.2 90.2 90.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
25.7
26.5
Calculation 1
2.297 Page 1 of 3
1.280
15.354
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
6006.6
2.22E-03
654.4
6.54E-04
5.96E-04
0.562
52.3%
3.45
0.420
0.15
9.66
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
6842
1728.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
419
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 10
Date: 1/10/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.64 0
10.24 1.61
10.01 2.30
9.9 2.71
9.82 3.00
9.76 3.22
9.72 3.40
9.69 3.56
9.66 3.69
9.64 3.81
9.63 3.91
9.61 4.01
9.6 4.09
9.58 4.25
9.56 4.38
9.55 4.50
9.54 4.61
9.52 4.70
9.51 4.79
4.91
9.49 5.01
5.11
9.46 5.19
9.44 5.35
9.43 5.48
9.41 5.60
9.4 5.70
5.89
6.17
6.40
6.58
6.73
6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 23.43799856 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.37870921
24.93998285
25.21397565
25.41557374
Recorded Time
25.74745718
25.8248128
25.90246013
Too Hot
26.48097214
26.50765586
80.66341
80.66341
80.66341
80.66341
26.40112603
26.4277073
80.66341
80.66341
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
25.87654515
25.95438803
Cumulative Time (s)
5
10
15
20
2525.56808441
25.67039135
165
180
26.08478253
26.13717174
26.18969406
26.21600531
80.66341
26.26872838
26.34806546
25.9804011
26.03252585
26.11096054
80.66341
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
420
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 10
Date: 1/10/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.33
k = q / 4πs = 2.297
23
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 11
Date: 1/30/17
Tested By: AJR
Water Content (%) top bottom
S18 19 Average S18 19
123.45 162.31 123.45 162.31
113.01 149.31 113.01 149.31
10.44 13.00
46.03 49.92 46.03 49.92
66.98 99.39
15.6 13.1 14.3
86.5 88.4 87.5
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
25.4
26.3
Calculation 1
2.724 Page 1 of 3
1.517
18.208
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1885
Initial Time, ti (s)
5917.6
2.19E-03
847.4
8.47E-04
3.99E-04
0.569
68.0%
4.44
0.540
0.15
15.98
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003439
181
6946
1721.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
422
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 11
Date: 1/30/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.84 0
10.31 1.61
10.08 2.30
9.97 2.71
9.9 3.00
9.86 3.22
9.81 3.40
9.79 3.56
9.77 3.69
9.75 3.81
9.73 3.91
9.71 4.01
9.7 4.09
9.67 4.25
9.65 4.38
9.63 4.50
9.61 4.61
9.6 4.70
9.59 4.79
9.57 4.91
9.56 5.01
9.54 5.11
9.53 5.19
9.51 5.35
9.49 5.48
9.47 5.60
9.46 5.70
5.89
6.17
6.40
6.58
6.73
6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 22.98346829 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.21091234
24.7675186
25.03919205
25.21397565
Recorded Time
25.49168735
25.54258711
25.64476681
Too Hot
26.32158601
26.34806546
80.66341
80.66341
80.66341
80.66341
26.21600531
26.26872838
80.66341
80.66341
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
25.59361341
25.69604788
Cumulative Time (s)
5
10
15
20
2525.31452662
25.44091357
165
180
25.85066273
25.95438803
25.9804011
26.00644702
26.05863766
26.08478253
26.16341623
25.72173647
25.79899527
25.90246013
26.13717174
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
423
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 11
Date: 1/30/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.47
k = q / 4πs = 2.724
22
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23
23.5
24
24.5
25
25.5
26
26.5
27
1 10 100 1000 10000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
424
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 12
Date: 1/13/17
Tested By: AJR
Water Content (%)
S15 20 Average
124.51 125.49
115.47 116.22
9.04 9.27
48.22 45.8
67.25 70.42
13.4 13.2 13.3
88.2 88.4 88.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.1
24.2
Calculation 1
2.612 Page 1 of 3
1.455
17.456
Notes:
7191
1799.3
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
71.8%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
15.91
0.1885
Initial Time, ti (s)
6187.0
2.29E-03
823.0
8.23E-04
3.24E-04
0.501
4.42
0.540
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 12
Date: 1/13/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
12.18 0
11.49 1.61
11.15 2.30
10.98 2.71
10.88 3.00
10.81 3.22
10.77 3.40
10.73 3.56
10.7 3.69
10.67 3.81
10.64 3.91
10.63 4.01
10.61 4.09
10.57 4.25
10.55 4.38
10.52 4.50
10.5 4.61
10.48 4.70
10.46 4.79
10.45 4.91
10.42 5.01
10.41 5.11
10.39 5.19
10.36 5.35
10.34 5.48
10.32 5.60
10.31 5.70
5.89
6.17
6.40
6.58
6.73
6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
23.64589664
23.76232056
23.80907742
23.85594204
23.36916869
23.46099369
23.71567098
23.97357836
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
23.87941492
23.94999659
24.0208241
23.50706208
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
Too Hot
24.18705393
24.21091234
80.66341
80.66341
80.66341
80.66341
24.09189915
24.1394209
80.66341
80.66341
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
23.43799856
23.05100455
0:00:00 20.17247588
23.30057085
23.14140249
23.23220342
23.59951307
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
21.57236748
22.29836936
22.67122234
22.89376655
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
426
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 12
Date: 1/13/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.48
k = q / 4πs = 2.612
20
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 13
Date: 1/13/17
Tested By: AJR
Water Content (%) top bottom
S15 20 Average 6%
158.51 125.25 155.99
144.38 114.29 141.65
14.13 10.96
48.22 45.8
96.16 68.49
14.7 16.0 15.3
87.2 86.2 86.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.5
22.9
Calculation 1
1.658 Page 1 of 3
0.924
11.082
Notes:
6612
1621.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003439
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
62.3%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
12.16
0.1885
Initial Time, ti (s)
5575.5
2.06E-03
855.5
8.56E-04
5.18E-04
0.665
3.88
0.470
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 13
Date: 1/13/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
13.2 0
12.44 1.61
12.11 2.30
11.91 2.71
11.75 3.00
11.63 3.22
11.54 3.40
11.46 3.56
11.42 3.69
11.38 3.81
11.35 3.91
11.32 4.01
11.3 4.09
11.25 4.25
11.22 4.38
11.19 4.50
11.16 4.61
11.14 4.70
11.11 4.79
4.91
11.06 5.01
11.04 5.11
11.01 5.19
10.97 5.35
10.94 5.48
10.91 5.60
10.89 5.70
5.89
6.17
6.40
6.58
6.73
6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
22.14679153
22.27664673
22.32011501
22.38549069
21.80446583
21.93217238
22.21161648
22.53885021
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
80.66341
22.49491586
22.60492915
21.97491759
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
Too Hot
22.82674818
22.87140263
80.66341
80.66341
80.66341
80.66341
22.69336794
22.75994915
80.66341
80.66341
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
21.86822029
21.28067695
0:00:00 18.25647798
21.71976485
21.46772171
21.63540935
22.08217041
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
19.66800399
20.31034207
20.70923724
21.03386504
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
429
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 13
Date: 1/13/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.58
k = q / 4πs = 1.658
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 1A
Date: 12/26/16
Tested By: AJR
Water Content (%)
20% S15 Average
73.86 75.55
70.07 71.97
3.79 3.58
45.83 48.24
24.24 23.73
15.6 15.1 15.4
86.5 91.2 88.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.6
29.1
Calculation 1
0.369 Page 1 of 3
0.206
2.467
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
2454.6
9.09E-04
308.4
3.08E-04
2.26E-03
2.822
12.0%
2.33
0.270
0.15
4.19
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
2944
706.4
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
431
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 1A
Date: 12/26/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.35 0
10.13 1.61
9.9 2.30
9.71 2.71
9.57 3.00
9.47 3.22
9.38 3.40
9.3 3.56
9.23 3.69
9.16 3.81
9.11 3.91
9.06 4.01
9.02 4.09
8.95 4.25
8.9 4.38
8.85 4.50
8.82 4.61
8.78 4.70
8.75 4.79
8.72 4.91
8.68 5.01
8.65 5.11
8.63 5.19
8.59 5.35
8.55 5.48
8.52 5.60
8.49 5.70
8.45 5.89
8.38 6.17
8.33 6.40
8.29 6.58
8.26 6.73
8.21 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.11564615 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.64521669
25.21397565
25.69604788
26.05863766
Recorded Time
26.77639215
26.96658867
27.29671069
OK
28.99886278
29.08910756
29.21001559
29.42321937
29.57677966
29.70039925
28.78973198
28.90898938
29.79356752
29.94971889
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.15852869
27.43580525
Cumulative Time (s)
5
10
15
20
2526.32158601
26.56112631
165
180
27.88715391
28.11647069
28.23205759
28.31915822
28.40661312
28.52377454
28.67112547
27.54774448
27.7450735
28.03018814
28.61206463
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
432
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 1A
Date: 12/26/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.90
k = q / 4πs = 0.369
23
24
25
26
27
28
29
30
31
32
33
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 2
Date: 12/26/16
Tested By: AJR
Water Content (%)
S18 19 Average
69.11 83.17
66.08 78.84
3.03 4.33
46.02 49.91
20.06 28.93
15.1 15.0 15.0
86.9 91.2 89.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
25.2
26.7
Calculation 1
0.683 Page 1 of 3
0.380
4.563
Notes:
3596
875.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
15.9%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
5.37
0.1905
Initial Time, ti (s)
3040.7
1.13E-03
374.3
3.74E-04
1.97E-03
2.086
2.64
0.305
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
434
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 2
Date: 12/26/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.59 0
10.35 1.61
10.19 2.30
10.08 2.71
10 3.00
9.94 3.22
9.89 3.40
9.85 3.56
9.82 3.69
9.79 3.81
9.76 3.91
9.74 4.01
9.72 4.09
9.68 4.25
9.65 4.38
9.62 4.50
9.6 4.61
9.57 4.70
9.55 4.79
9.52 4.91
9.5 5.01
9.47 5.11
9.45 5.19
9.42 5.35
9.39 5.48
9.36 5.60
9.33 5.70
9.29 5.89
9.22 6.17
9.17 6.40
9.12 6.58
9.09 6.73
9.04 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
25.85066273
25.9804011
26.05863766
26.11096054
25.49168735
25.61917419
25.92840773
26.32158601
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
26.18969406
26.24235006
26.37457878
25.67039135
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
26.61473456
26.69540663
26.80345732
26.99390132
27.13100095
27.26900159
26.45432264
26.5343739
27.35223846
27.49170077
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
25.56808441
25.11391641
0:00:00 23.55323505
25.41557374
25.23906712
25.33974172
25.77321009
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.11564615
24.49941678
24.7675186
24.96474
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 2
Date: 12/26/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.63
k = q / 4πs = 0.683
23
23.5
24
24.5
25
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 3
Date: 12/26/16
Tested By: AJR
Water Content (%)
S18 19 Average
69.11 83.17
66.08 78.84
3.03 4.33
46.02 49.91
20.06 28.93
15.1 15.0 15.0
86.9 91.2 89.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
25.1
25.9
Calculation 1
1.673 Page 1 of 3
0.932
11.179
Notes:
5928
1472.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
39.9%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
7.60
0.1905
Initial Time, ti (s)
5117.1
1.90E-03
629.9
6.30E-04
9.50E-04
0.834
3.08
0.370
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 3
Date: 12/26/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.53 0
10.26 1.61
10.14 2.30
10.07 2.71
10.02 3.00
9.99 3.22
9.96 3.40
9.94 3.56
9.92 3.69
9.9 3.81
9.89 3.91
9.87 4.01
9.86 4.09
9.84 4.25
9.82 4.38
9.8 4.50
9.79 4.61
9.77 4.70
9.76 4.79
9.74 4.91
9.73 5.01
9.71 5.11
9.7 5.19
9.68 5.35
9.66 5.48
9.64 5.60
9.62 5.70
9.59 5.89
9.55 6.17
9.52 6.40
9.49 6.58
9.46 6.73
9.42 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
25.41557374
25.49168735
25.54258711
25.56808441
25.21397565
25.28934254
25.46628474
25.69604788
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
25.61917419
25.64476681
25.72173647
25.31452662
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
25.87654515
25.92840773
26.00644702
26.11096054
26.18969406
26.26872838
25.77321009
25.8248128
26.34806546
26.45432264
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
25.23906712
24.98952721
0:00:00 23.69238625
25.16388484
25.06406983
25.11391641
25.36498789
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.33062589
24.62084412
24.79206726
24.91525568
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 3
Date: 12/26/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.36
k = q / 4πs = 1.673
23
23.5
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 4
Date: 1/1/17
Tested By: AJR
Water Content (%)
S18 19 Average
69.11 83.17
66.08 78.84
3.03 4.33
46.02 49.91
20.06 28.93
15.1 15.0 15.0
86.9 91.2 89.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.8
30.1
Calculation 1
0.991 Page 1 of 3
0.552
6.621
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
3973.8
1.47E-03
489.2
4.89E-04
1.51E-03
1.361
24.4%
3.07
0.355
0.15
7.25
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
4644
1143.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 4
Date: 1/1/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.17 0
8.94 1.61
8.81 2.30
8.74 2.71
8.69 3.00
8.64 3.22
8.6 3.40
8.57 3.56
8.55 3.69
8.53 3.81
8.5 3.91
8.49 4.01
8.47 4.09
8.44 4.25
8.41 4.38
8.39 4.50
8.37 4.61
8.35 4.70
8.33 4.79
8.31 4.91
8.3 5.01
8.28 5.11
8.26 5.19
8.23 5.35
8.21 5.48
8.18 5.60
8.16 5.70
8.13 5.89
8.08 6.17
8.04 6.40
8.01 6.58
7.99 6.73
7.97 6.93
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 27.13100095 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
27.77341376
28.14530902
28.34827038
28.49442448
Recorded Time
28.84927899
28.90898938
29.05898456
OK
30.04393609
30.10696835
30.20184967
30.36087891
30.48891304
30.58541531
29.88712718
29.94971889
30.64997848
30.71472515
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.96886382
29.08910756
Cumulative Time (s)
5
10
15
20
2528.64157492
28.76001954
165
180
29.33159331
29.45384618
29.5152275
29.57677966
29.63850335
29.66942973
29.79356752
29.1494782
29.24034702
29.39263501
29.731412
30
35
40
45
50
55
240
270
300
360
480
600
720
840
1020
210
60
70
80
90
100
110
120
135
150
441
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 4
Date: 1/1/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.58
k = q / 4πs = 0.991
27
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 5
Date: 1/13/17
Tested By: AJR
Water Content (%)
B 5 Average
352.33 311.49
294.5 261.49
57.83 50.00
84.35 79.48
210.15 182.01
27.5 27.5 27.5
78.4 91.2 84.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
25.7
26.8
Calculation 1
1.957 Page 1 of 3
1.090
13.081
Notes:
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
3.88
0.470
0.15
12.16
0.1905
Initial Time, ti (s)
5485.5
2.03E-03
982.5
9.82E-04
4.61E-04
0.710
68.1%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Thermal Conductivity (W/m°C)
0.1524
0.003475
181
6649
1578.6
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 5
Date: 1/13/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.49 0
10.1 1.61
9.94 2.30
9.85 2.71
9.79 3.00
9.75 3.22
9.72 3.40
9.69 3.56
9.67 3.69
9.65 3.81
9.63 3.91
9.62 4.01
9.6 4.09
9.56 4.25
9.54 4.38
9.52 4.50
9.5 4.61
9.49 4.70
9.47 4.79
9.45 4.91
9.43 5.01
5.11
9.4 5.19
9.37 5.35
9.35 5.48
9.32 5.60
9.3 5.70
5.89
6.17
6.40
6.58
6.73
6.93
Temp Check = 
1
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.71850975
25.11391641
25.33974172
25.49168735
Recorded Time
0:00:00 23.78568555
25.79899527
25.90246013
25.59361341
25.67039135
25.74745718
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:17:00
26.58791317
26.64159055
80.66341
80.66341
Too Hot
26.72236688
26.77639215
80.66341
80.66341
80.66341
80.66341
Cumulative Time (s)
5
10
15
20
25
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
30
35
40
45
50
55
26.37457878
26.4277073
26.50765586
25.9804011
26.08478253
26.18969406
80.66341
120
135
150
165
180
26.13717174
26.24235006
26.26872838
26.32158601
25.85066273
25.92840773
1020
240
270
300
360
480
600
210
60
70
80
90
100
110
720
840
444
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 5
Date: 1/13/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.49
k = q / 4πs = 1.957
23
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 1
Date: 5/24/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
18.10 18.10
18.1 36.68 36.1
0.00 18.6 18.00
0.00 1459.32
0.00 1506.26 1459.32
0% 32% 31.2%
100% 76% 76.4%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
26.2
26.7
Calculation 1 Calc 2
2.666 2.715 Page 1 of 3
1.485
17.821
Notes:
Wt Mold = wet stone/mold/ water at base
7944
1430.2
Percent Solids (%)
Wt. Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003272
3264
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
1442.0
0.1524
0.003218
3264
9386
4680.0
1.77E-03
Initial Time, ti (s)
4680.0
1.77E-03
0.0
0.00E+00
1.51E-03
0.85
0.0%
Vol. Gas Vg (m3)
Void Ratio e
3.93
0.490
0.15
Thermal Conductivity (btu in/ft2 F)
Mass Water g
1454.5
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
SET UP TESTING
1.44E-03
6.43E-05
0.853
95.7%
12.84
0.1794 0.1764
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 1
Date: 5/24/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.26 0
9.84 1.61
9.68 2.30
9.61 2.71
9.58 3.00
9.53 3.22
9.5 3.40
9.48 3.56
9.46 3.69
9.44 3.81
9.43 3.91
9.42 4.01
9.4 4.09
9.38 4.25
9.36 4.38
9.34 4.50
9.33 4.61
9.31 4.70
9.3 4.79
9.28 4.91
9.27 5.01
9.27 5.11
9.25 5.19
9.23 5.35
9.21 5.48
9.19 5.60
9.17 5.70
9.15 5.89
9.11 6.17
9.08 6.40
9.05 6.58
9.03 6.73
9.01 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
480
600
180
26.61473456
26.69540663
26.74936202
26.77639215
26.40112603
26.45432264
26.66848122
26.85769312
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
26.83055762
26.85769312
26.91207004
26.50765586
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
27.46373453
OK
27.07605352
27.13100095
27.18609255
27.29671069
27.3800573
0:14:00
0:16:00
26.96658867
27.02124962
27.51970406
27.5758221
26.16341623
26.24235006
26.29514034
0:06:00
0:08:00
0:10:00
0:12:00
0:00:00 24.33062589
26.34806546
26.4277073
26.56112631
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.36498789
25.77321009
25.95438803
26.03252585
Recorded Time
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 1
Date: 5/24/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.38
k = q / 4πs = 2.666
24
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 2
Date: 5/24/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
23.50 23.50
23.5 38.89 38.9
0.00 15.4 15.40
0.00 1248.53
0.00 1247.40 1248.53
0% 23% 23.3%
100% 81% 81.4%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
25.9
26.3
Calculation 1 Calc 2
2.770 2.820 Page 1 of 3
1.543
18.512
Notes:
Wt Mold = wet stone/mold/ water at base
8639
1639.8
Percent Solids (%)
Wt. Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003272
3273
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
1225.0
0.1524
0.003272
3273
9864
5366.0
2.02E-03
Initial Time, ti (s)
5366.0
2.02E-03
0.0
0.00E+00
1.25E-03
0.62
0.0%
Vol. Gas Vg (m3)
Void Ratio e
3.93
0.500
0.15
Thermal Conductivity (btu in/ft2 F)
Mass Water g
1639.8
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
SET UP TESTING
1.23E-03
2.24E-05
0.616
98.2%
13.10
0.1794 0.1794
449
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 2
Date: 5/24/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.4 0
9.96 1.61
9.81 2.30
9.74 2.71
9.7 3.00
9.66 3.22
9.64 3.40
9.62 3.56
9.6 3.69
9.58 3.81
9.57 3.91
9.56 4.01
9.54 4.09
9.52 4.25
9.5 4.38
9.48 4.50
9.47 4.61
9.455 4.70
9.44 4.79
9.42 4.91
9.41 5.01
9.39 5.11
9.38 5.19
9.35 5.35
9.33 5.48
9.32 5.60
9.3 5.70
9.27 5.89
9.22 6.17
9.18 6.40
9.16 6.58
9.13 6.73
9.12 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
480
600
180
26.24235006
26.32158601
26.36131789
26.40112603
26.03252585
26.08478253
26.29514034
26.5343739
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
26.45432264
26.48097214
26.56112631
26.13717174
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
27.15852869
OK
26.72236688
26.77639215
26.85769312
26.99390132
27.10350925
0:14:00
0:16:00
26.64159055
26.69540663
27.24132892
27.26900159
25.8248128
25.87654515
25.92840773
0:06:00
0:08:00
0:10:00
0:12:00
0:00:00 23.9971875
25.9804011
26.05863766
26.18969406
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.06406983
25.44091357
25.61917419
25.72173647
Recorded Time
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 2
Date: 5/24/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.38
k = q / 4πs = 2.770
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 3
Date: 5/25/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
22.70 22.70
22.7 39.45 39.7
0.00 16.7 17.00
0.00 1378.24
0.00 1357.58 1378.24
0% 27% 27.2%
100% 79% 78.9%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
150
26.4
26.9
Calculation 1 Calc 2
2.951 2.934 Page 1 of 3
1.644
19.723
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
99.7%
1554.9
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
1.35E-03
3.58E-06
0.709
Thermal Conductivity (btu in/ft2 F)
1354.0
0.1524
0.003263
3269
9697
5074.0
1.91E-03
Initial Time, ti (s)
5074.0
1.91E-03
0.0
0.00E+00
1.36E-03
0.71
0.0%
3.92
0.495
0.15
12.94
0.1794 0.1789
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3269
8343
1550.6
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
452
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 3
Date: 5/25/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.17 0
9.76 1.61
9.61 2.30
9.55 2.71
9.51 3.00
9.47 3.22
9.45 3.40
9.43 3.56
9.41 3.69
9.39 3.81
9.38 3.91
9.37 4.01
9.36 4.09
9.34 4.25
9.32 4.38
9.31 4.50
9.29 4.61
9.28 4.70
9.27 4.79
9.25 4.91
9.24 5.01
9.23 5.11
9.21 5.19
9.19 5.35
9.18 5.48
9.16 5.60
9.14 5.70
9.1 6.04
9.08 6.17
9.05 6.40
9.03 6.58
9.01 6.73
8.99 6.87
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 24.54790089 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.56808441
25.95438803
26.11096054
26.21600531
26.48097214
26.56112631
OK
27.15852869
27.2136926
27.32445629
27.3800573
27.46373453
0:14:00
0:16:00
27.07605352
27.10350925
27.5758221
27.63208926
26.32158601
26.37457878
26.4277073
0:07:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
27.51970406
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
26.5343739
26.58791317
Cumulative Time (s)
5
10
15
20
25
165
180
26.72236688
26.80345732
26.83055762
26.85769312
26.91207004
26.9393116
27.02124962
26.61473456
26.66848122
26.74936202
26.96658867
30
35
40
45
50
55
240
270
300
420
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
453
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 3
Date: 5/25/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.35
k = q / 4πs = 2.951
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 4
Date: 5/25/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
24.20 24.20
24.20 39.80 40.1
0.00 15.6 15.90
0.00 1289.06
0.00 1264.38 1289.06
0% 24% 24.2%
100% 81% 80.8%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
150
26.6
27.1
Calculation 1 Calc 2
2.907 2.937 Page 1 of 3
1.619
19.428
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
100.1%
1626.1
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
1.27E-03
 
0.630
Thermal Conductivity (btu in/ft2 F)
1266.0
0.1524
0.003272
3264
9851
5321.0
2.01E-03
Initial Time, ti (s)
5321.0
2.01E-03
0.0
0.00E+00
1.26E-03
0.63
0.0%
3.92
0.500
0.15
13.07
0.1794 0.1794
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3264
8585
1626.1
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
455
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 4
Date: 5/25/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.09 0
9.68 1.61
9.54 2.30
9.47 2.71
9.44 3.00
9.4 3.22
9.38 3.40
9.36 3.56
9.34 3.69
9.33 3.81
9.32 3.91
9.3 4.01
9.29 4.09
9.27 4.25
9.25 4.38
9.24 4.50
9.22 4.61
9.21 4.70
9.2 4.79
9.18 4.91
9.17 5.01
9.16 5.11
9.14 5.19
9.12 5.35
9.1 5.48
9.07 5.65
9.07 5.70
9.04 5.89
9 6.17
8.96 6.40
8.94 6.58
8.92 6.73
8.9 6.87
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:45
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 24.74299945 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.77321009
26.13717174
26.32158601
26.40112603
26.66848122
26.72236688
OK
27.40791287
27.40791287
27.49170077
27.603937
27.71677101
0:14:00
0:16:00
27.26900159
27.32445629
27.83020784
27.88715391
26.50765586
26.56112631
26.61473456
0:06:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
27.77341376
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
26.69540663
26.77639215
Cumulative Time (s)
5
10
15
20
25
165
180
26.91207004
26.99390132
27.02124962
27.04863366
27.10350925
27.13100095
27.2136926
26.80345732
26.85769312
26.9393116
27.15852869
30
35
40
45
50
55
240
285
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
456
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 4
Date: 5/25/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.36
k = q / 4πs = 2.907
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 5
Date: 5/25/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
17.60 17.60
17.60 34.08 34.1
0.00 16.5 16.50
0.00 1337.71 1325.00
0.00 1335.70 1337.71 1325.00
0% 26% 26.1% 25.8%
100% 79% 79.5% 79.5%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
150
27.2
27.8
Calculation 1 Calc 2
2.683 2.598 Page 1 of 3
1.494
17.931
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
99.2%
1581.5
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
1.33E-03
1.07E-05
0.690
Thermal Conductivity (btu in/ft2 F)
1325.0
0.1524
0.003245
3275
9732
5132.0
1.94E-03
Initial Time, ti (s)
5132.0
1.94E-03
0.0
0.00E+00
1.34E-03
0.69
0.0%
3.92
0.500
0.15
13.07
0.1794 0.1779
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3275
8407
1568.3
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
458
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 5
Date: 5/25/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.9 0
9.47 1.61
9.32 2.30
9.25 2.71
9.2 3.00
9.17 3.22
9.15 3.40
9.12 3.56
9.11 3.69
9.09 3.81
9.07 3.91
9.06 4.01
9.05 4.09
9.03 4.25
9.01 4.38
9 4.50
8.98 4.61
8.97 4.70
8.95 4.79
8.94 4.91
8.92 5.01
8.91 5.11
8.9 5.19
8.87 5.35
8.86 5.48
8.84 5.60
8.82 5.70
8.8 5.89
8.75 6.17
8.72 6.40
8.7 6.58
8.68 6.73
8.66 6.87
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 25.21397565 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.32158601
26.72236688
26.91207004
27.04863366
27.29671069
27.40791287
OK
28.05891033
28.11647069
28.17418622
28.31915822
28.40661312
0:14:00
0:16:00
27.97285935
28.00150451
28.52377454
28.58259453
27.13100095
27.18609255
27.26900159
0:06:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.46511429
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.35223846
27.43580525
Cumulative Time (s)
5
10
15
20
25
165
180
27.5758221
27.66027897
27.68850619
27.7450735
27.77341376
27.83020784
27.88715391
27.46373453
27.51970406
27.603937
27.85866184
30
35
40
45
50
55
240
270
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
459
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 5
Date: 5/25/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.39
k = q / 4πs = 2.683
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 6
Date: 5/25/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Measured Actual
29.35 29.35
29.35 47.15 46.9
0.00 17.8 17.55
0.00 1422.83 1399.00
0.00 1442.87 1422.83 1399.00
0% 30% 29.3% 28.9%
100% 77% 77.6% 77.6%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
150
28.0
28.6
Calculation 1 Calc 2
2.868 2.880 Page 1 of 3
1.598
19.171
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
100.8%
1506.7
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
1.40E-03
 
0.759
Thermal Conductivity (btu in/ft2 F)
1399.0
0.1524
0.003218
3271
9518
4848.0
1.83E-03
Initial Time, ti (s)
4848.0
1.83E-03
0.0
0.00E+00
1.44E-03
0.79
0.0%
3.92
0.500
0.15
13.07
0.1794 0.1764
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3271
8119
1481.5
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
461
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 6
Date: 5/25/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.53 0
9.15 1.61
9.02 2.30
8.95 2.71
8.91 3.00
8.88 3.22
8.86 3.40
8.84 3.56
8.82 3.69
8.8 3.81
8.79 3.91
8.78 4.01
8.77 4.09
8.75 4.25
8.73 4.38
8.72 4.50
8.71 4.61
8.69 4.70
8.68 4.79
8.67 4.91
8.66 5.01
8.65 5.11
8.64 5.19
8.62 5.35
8.6 5.48
8.59 5.60
8.58 5.70
8.56 5.89
8.53 6.17
8.51 6.40
8.49 6.58
8.48 6.73
8.47 6.87
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 26.16341623 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
27.18609255
27.54774448
27.7450735
27.85866184
28.11647069
28.20310239
OK
28.78973198
28.81948511
28.87911372
28.96886382
29.028903
0:14:00
0:16:00
28.70071637
28.76001954
29.11927208
29.1494782
27.94425258
28.00150451
28.05891033
0:06:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.08910756
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.17418622
28.23205759
Cumulative Time (s)
5
10
15
20
25
165
180
28.37742199
28.43584386
28.49442448
28.52377454
28.55316452
28.58259453
28.64157492
28.26105191
28.31915822
28.40661312
28.61206463
30
35
40
45
50
55
240
270
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
462
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 6
Date: 5/25/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.36
k = q / 4πs = 2.868
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 1
Date: 5/25/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Measured Actual
10.90 10.90
10.90 25.66 24.5
0.00 14.8 13.60
0.00 1102.60 1090.00
0.00 1196.45 1102.60 1090.00
0% 22% 20.0% 19.8%
100% 82% 83.5% 83.5%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
100
28.5
29.2
Calculation 1 Calc 2
2.389 2.405 Page 1 of 3
1.330
15.966
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
92.5%
1690.5
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
1.09E-03
8.82E-05
0.568
Thermal Conductivity (btu in/ft2 F)
1090.0
0.1524
0.003254
3269
9860
5501.0
2.08E-03
Initial Time, ti (s)
5501.0
2.08E-03
0.0
0.00E+00
1.20E-03
0.58
0.0%
3.90
0.495
0.15
12.87
0.1794 0.1784
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3269
8770
1681.1
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
464
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 1
Date: 5/25/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.37 0
8.96 1.61
8.82 2.30
8.74 2.71
8.69 3.00
8.66 3.22
8.63 3.40
8.61 3.56
8.59 3.69
8.57 3.81
8.56 3.91
8.54 4.01
8.53 4.09
8.51 4.25
8.49 4.38
8.47 4.50
8.46 4.61
8.44 4.70
8.43 4.79
8.41 4.91
8.4 5.01
8.39 5.11
8.37 5.19
8.35 5.35
8.33 5.48
8.32 5.60
8.3 5.70
8.28 5.89
8.24 6.17
8.21 6.40
8.19 6.58
8.18 6.73
8.17 6.87
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 26.58791317 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
27.71677101
28.11647069
28.34827038
28.49442448
28.78973198
28.87911372
OK
29.60762002
29.66942973
29.731412
29.855897
29.94971889
0:14:00
0:16:00
29.5152275
29.57677966
30.04393609
30.07543008
28.58259453
28.67112547
28.7303477
0:06:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
30.01248629
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.84927899
28.93890605
Cumulative Time (s)
5
10
15
20
25
165
180
29.08910756
29.17972601
29.24034702
29.2707204
29.33159331
29.36209302
29.45384618
28.96886382
29.028903
29.1494782
29.39263501
30
35
40
45
50
55
240
270
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
465
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 1
Date: 5/25/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.43
k = q / 4πs = 2.389
26
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 2
Date: 5/30/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Measured Actual
23.20 23.20
23.20 35.13 33.9
0.00 11.9 10.70
0.00 867.48 837.00
0.00 967.40 867.48 837.00
0% 16% 14.2% 13.7%
100% 86% 87.9% 87.9%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
100
28.2
28.8
Calculation 1 Calc 2
2.579 2.554 Page 1 of 3
1.437
17.239
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
86.5%
1866.6
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
8.37E-04
1.30E-04
0.420
Thermal Conductivity (btu in/ft2 F)
837.0
0.1524
0.003272
3309
10254
6108.0
2.30E-03
Initial Time, ti (s)
6108.0
2.30E-03
0.0
0.00E+00
9.67E-04
0.42
0.0%
3.90
0.495
0.15
12.87
0.1794 0.1794
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3309
9417
1866.6
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
467
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 2
Date: 5/30/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.47 0
9.08 1.61
8.92 2.30
8.85 2.71
8.8 3.00
8.77 3.22
8.74 3.40
8.72 3.56
8.7 3.69
8.69 3.81
8.67 3.91
8.66 4.01
8.65 4.09
8.63 4.25
8.61 4.38
8.59 4.50
8.58 4.61
8.57 4.70
8.56 4.79
8.54 4.91
8.53 5.01
8.51 5.11
8.5 5.19
8.48 5.35
8.47 5.48
8.45 5.60
8.44 5.70
8.42 5.89
8.39 6.17
8.37 6.40
8.35 6.58
8.34 6.73
8.34 6.87
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 26.32158601 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
27.3800573
27.83020784
28.03018814
28.17418622
28.46511429
28.55316452
OK
29.21001559
29.24034702
29.3011358
29.39263501
29.45384618
0:14:00
0:16:00
29.11927208
29.1494782
29.54598218
29.54598218
28.26105191
28.34827038
28.40661312
0:06:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.5152275
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.49442448
28.58259453
Cumulative Time (s)
5
10
15
20
25
165
180
28.7303477
28.81948511
28.84927899
28.87911372
28.93890605
28.96886382
29.05898456
28.61206463
28.67112547
28.78973198
29.028903
30
35
40
45
50
55
240
270
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
468
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 2
Date: 5/30/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.40
k = q / 4πs = 2.579
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 3
Date: 6/28/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Measured Actual
15.20 15.20
15.20 29.17 28.5
0.00 14.0 13.30
0.00 1078.27 1087.00
0.00 1132.30 1078.27 1087.00
0% 20% 19.0% 19.2%
100% 83% 83.9% 83.9%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
100
28.6
29.0
Calculation 1 Calc 2
2.348 2.398 Page 1 of 3
1.308
15.693
Notes:
Wt Mold = wet stone/mold/ water at base
7603
1733.0
Percent Solids (%)
Wt. Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003272
1932
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
1087.0
0.1524
0.003309
1932
8690
5671.0
2.14E-03
Initial Time, ti (s)
5671.0
2.14E-03
0.0
0.00E+00
1.13E-03
0.53
0.0%
Vol. Gas Vg (m3)
Void Ratio e
3.34
0.400
0.15
Thermal Conductivity (btu in/ft2 F)
Mass Water g
1713.9
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
SET UP TESTING
1.09E-03
8.18E-05
0.546
93.0%
8.91
0.1794 0.1814
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 3
Date: 6/28/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.12 0
8.85 1.61
8.75 2.30
8.7 2.71
8.67 3.00
8.64 3.22
8.63 3.40
8.61 3.56
8.6 3.69
8.59 3.81
8.58 3.91
8.57 4.01
8.56 4.09
8.54 4.25
8.53 4.38
8.52 4.50
8.51 4.61
8.5 4.70
8.49 4.79
8.48 4.91
8.47 5.01
8.47 5.11
8.46 5.19
8.45 5.35
8.43 5.48
8.42 5.60
8.41 5.70
8.4 5.89
8.38 6.17
8.36 6.40
8.35 6.58
8.34 6.73
8.32 6.93
Temp Check = 
720
840
210
60
70
80
90
100
110
1020
240
270
300
360
480
600
180
28.96886382
29.028903
29.05898456
29.08910756
28.78973198
28.84927899
28.99886278
29.1494782
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.11927208
29.1494782
29.17972601
28.87911372
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
29.5152275
OK
29.3011358
29.33159331
29.36209302
29.42321937
29.48451553
0:14:00
0:17:00
29.21001559
29.2707204
29.54598218
29.60762002
28.64157492
28.67112547
28.7303477
0:06:00
0:08:00
0:10:00
0:12:00
0:00:00 27.26900159
28.76001954
28.81948511
28.93890605
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
28.03018814
28.31915822
28.46511429
28.55316452
Recorded Time
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 3
Date: 6/28/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.30
k = q / 4πs = 2.348
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 4
Date: 6/28/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Measured Actual
27.10 27.10
27.10 40.23 39.0
0.00 13.1 11.90
0.00 964.77 940.00
0.00 1064.38 964.77 940.00
0% 18% 16.5% 16.1%
100% 85% 86.2% 86.2%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
100
29.2
29.9
Calculation 1 Calc 2
2.582 2.520 Page 1 of 3
1.438
17.259
Notes:
Wt Mold = wet stone/mold/ water at base
7809
1788.0
Percent Solids (%)
Wt. Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003272
1958
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
940.0
0.1524
0.003291
1958
8749
5851.0
2.21E-03
Initial Time, ti (s)
5851.0
2.21E-03
0.0
0.00E+00
1.06E-03
0.48
0.0%
Vol. Gas Vg (m3)
Void Ratio e
4.14
0.505
0.15
Thermal Conductivity (btu in/ft2 F)
Mass Water g
1778.1
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
SET UP TESTING
9.40E-04
1.43E-04
0.490
86.8%
13.94
0.1794 0.1804
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 4
Date: 6/28/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.11 0
8.72 1.61
8.57 2.30
8.5 2.71
8.45 3.00
8.42 3.22
8.39 3.40
8.37 3.56
8.35 3.69
8.33 3.81
8.32 3.91
8.3 4.01
8.29 4.09
8.26 4.32
8.25 4.38
8.24 4.50
8.22 4.61
8.21 4.70
8.2 4.79
8.18 4.91
8.17 5.01
8.16 5.11
8.14 5.19
8.12 5.35
8.1 5.48
8.09 5.60
8.08 5.70
8.05 5.89
8.01 6.17
7.98 6.40
7.95 6.66
7.94 6.73
7.91 6.98
Temp Check = 
780
840
210
60
75
80
90
100
110
1080
240
270
300
360
480
600
180
29.82471047
29.91840112
29.94971889
29.98108058
29.57677966
29.66942973
29.855897
30.10696835
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
30.04393609
30.07543008
30.17017805
29.70039925
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
30.77965604
OK
30.32898328
30.36087891
30.45683659
30.58541531
30.68232883
0:14:00
0:18:00
30.23356591
30.29713263
30.81219079
30.91007337
29.3011358
29.39263501
29.45384618
0:06:00
0:08:00
0:10:00
0:13:00
0:00:00 27.29671069
29.5152275
29.60762002
29.79356752
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
28.40661312
28.84927899
29.05898456
29.21001559
Recorded Time
0:00:45
0:00:50
0:00:55
0:01:00
0:01:15
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 4
Date: 6/28/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.43
k = q / 4πs = 2.582
26
27
28
29
30
31
32
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
475
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 4
Date: 6/28/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Measured Actual
10.50 10.50
10.50 23.08 22.0
0.00 12.6 11.50
0.00 932.34 918.00
0.00 1020.23 932.34 918.00
0% 17% 15.6% 15.4%
100% 85% 86.7% 86.7%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
100
29.1
29.8
Calculation 1 Calc 2
2.529 2.427 Page 1 of 3
1.409
16.903
Notes:
Wt Mold = wet stone/mold/ water at base
7922
1823.8
Percent Solids (%)
Wt. Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003272
1954
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
918.0
0.1524
0.003291
1954
8840
5968.0
2.25E-03
Initial Time, ti (s)
5968.0
2.25E-03
0.0
0.00E+00
1.02E-03
0.45
0.0%
Vol. Gas Vg (m3)
Void Ratio e
4.14
0.505
0.15
Thermal Conductivity (btu in/ft2 F)
Mass Water g
1813.7
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
SET UP TESTING
9.18E-04
1.20E-04
0.461
88.4%
13.94
0.1794 0.1804
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 4
Date: 6/28/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.15 0
8.77 1.61
8.61 2.30
8.53 2.71
8.49 3.00
8.45 3.22
8.42 3.40
8.4 3.56
8.38 3.69
8.36 3.81
8.35 3.91
8.34 4.01
8.32 4.09
8.3 4.25
8.28 4.38
8.26 4.50
8.25 4.61
8.24 4.70
8.23 4.79
8.21 4.91
8.2 5.01
8.19 5.11
8.17 5.19
5.35
8.13 5.48
8.12 5.60
8.1 5.70
8.07 5.97
8.04 6.17
8.01 6.40
7.93 7.04
7.87 7.54
Temp Check = 
1140
1890
210
60
70
80
90
100
110
240
270
300
390
480
600
180
29.731412
29.82471047
29.855897
29.88712718
29.48451553
29.54598218
29.79356752
30.01248629
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.94971889
29.98108058
30.07543008
29.60762002
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
30.84477187
OK
30.23356591
30.29713263
30.39281962
30.48891304
30.58541531
0:31:30
30.20184967
31.04123626
29.21001559
29.3011358
29.36209302
0:06:30
0:08:00
0:10:00
0:19:00
0:00:00 27.18609255
29.42321937
29.5152275
29.66942973
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
28.26105191
28.7303477
28.96886382
29.08910756
Recorded Time
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 4
Date: 6/28/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.44
k = q / 4πs = 2.529
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 6 Wet
Date: 5/24/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
26.10 26.10
26.1 43.17 43.3
0.00 17.1 17.20
0.00 1394.46
0.00 1383.62 1394.46
0% 28% 27.9%
100% 78% 78.5%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
26.4
27.0
Calculation 1 Calc 2
2.080 2.086 Page 1 of 3
1.158
13.901
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
99.2%
1529.5
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
1.37E-03
1.06E-05
0.73
Thermal Conductivity (btu in/ft2 F)
1373.0
0.1524
0.003272
3258
9636
5005.0
1.89E-03
Initial Time, ti (s)
5005.0
1.89E-03
0.0
0.00E+00
1.38E-03
0.73
0.0%
4.01
0.505
0.15
13.50
0.1794 0.1794
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3258
8263
1529.5
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
479
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 6 Wet
Date: 5/24/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.3 0
9.84 1.61
9.67 2.30
9.58 2.71
9.52 3.00
9.47 3.22
9.44 3.40
9.41 3.56
9.38 3.69
9.36 3.81
9.34 3.91
9.32 4.01
9.3 4.09
9.27 4.25
9.25 4.38
9.23 4.50
9.21 4.61
9.19 4.70
9.17 4.79
9.15 4.91
9.13 5.01
9.11 5.11
9.09 5.19
9.07 5.35
9.04 5.48
9.02 5.60
9 5.70
8.97 5.89
8.92 6.17
8.88 6.40
8.85 6.58
8.83 6.73
8.81 6.87
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 24.23479877 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.36498789
25.79899527
26.03252585
26.18969406
26.56112631
26.66848122
OK
27.54774448
27.603937
27.68850619
27.83020784
27.94425258
0:14:00
0:16:00
27.40791287
27.49170077
28.08767115
28.14530902
26.32158601
26.40112603
26.48097214
0:06:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.03018814
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
26.61473456
26.72236688
Cumulative Time (s)
5
10
15
20
25
165
180
26.91207004
27.02124962
27.07605352
27.13100095
27.18609255
27.24132892
27.35223846
26.77639215
26.85769312
26.96658867
27.29671069
30
35
40
45
50
55
240
270
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
480
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 6 Wet
Date: 5/24/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.52
k = q / 4πs = 2.080
24
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 5b Wet
Date: 5/24/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
26.10 26.10
26.1 43.17 43.3
0.00 17.1 17.20
0.00 1394.46
0.00 1383.62 1394.46
0% 28% 27.9%
100% 78% 78.5%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
26.4
27.0
Calculation 1 Calc 2
2.080 2.086 Page 1 of 3
1.158
13.901
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
99.2%
1529.5
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
1.37E-03
1.06E-05
0.73
Thermal Conductivity (btu in/ft2 F)
1373.0
0.1524
0.003272
3258
9636
5005.0
1.89E-03
Initial Time, ti (s)
5005.0
1.89E-03
0.0
0.00E+00
1.38E-03
0.73
0.0%
4.01
0.505
0.15
13.50
0.1794 0.1794
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3258
8263
1529.5
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
482
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 5b Wet
Date: 5/24/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.3 0
9.84 1.61
9.67 2.30
9.58 2.71
9.52 3.00
9.47 3.22
9.44 3.40
9.41 3.56
9.38 3.69
9.36 3.81
9.34 3.91
9.32 4.01
9.3 4.09
9.27 4.25
9.25 4.38
9.23 4.50
9.21 4.61
9.19 4.70
9.17 4.79
9.15 4.91
9.13 5.01
9.11 5.11
9.09 5.19
9.07 5.35
9.04 5.48
9.02 5.60
9 5.70
8.97 5.89
8.92 6.17
8.88 6.40
8.85 6.58
8.83 6.73
8.81 6.87
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 24.23479877 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.36498789
25.79899527
26.03252585
26.18969406
26.56112631
26.66848122
OK
27.54774448
27.603937
27.68850619
27.83020784
27.94425258
0:14:00
0:16:00
27.40791287
27.49170077
28.08767115
28.14530902
26.32158601
26.40112603
26.48097214
0:06:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.03018814
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
26.61473456
26.72236688
Cumulative Time (s)
5
10
15
20
25
165
180
26.91207004
27.02124962
27.07605352
27.13100095
27.18609255
27.24132892
27.35223846
26.77639215
26.85769312
26.96658867
27.29671069
30
35
40
45
50
55
240
270
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
483
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 5b Wet
Date: 5/24/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.52
k = q / 4πs = 2.080
24
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 5 Wet
Date: 5/23/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
26.10 26.10
26.1 43.17 43.3
0.00 17.1 17.20
0.00 1394.46
0.00 1383.62 1394.46
0% 28% 27.9%
100% 78% 78.5%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
25.3
25.8
Calculation 1 Calc 2
2.000 1.948 Page 1 of 3
1.114
13.367
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
99.2%
1529.5
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
1.37E-03
1.06E-05
0.733
Thermal Conductivity (btu in/ft2 F)
1373.0
0.1524
0.003272
3258
9636
5005.0
1.89E-03
Initial Time, ti (s)
5005.0
1.89E-03
0.0
0.00E+00
1.38E-03
0.73
0.0%
3.27
0.405
0.15
8.82
0.1794 0.1794
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3258
8263
1529.5
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
485
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 5 Wet
Date: 5/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.47 0
10.18 1.61
10.03 2.30
9.96 2.71
9.91 3.00
9.88 3.22
9.85 3.40
9.83 3.56
9.81 3.69
9.8 3.81
9.78 3.91
9.77 4.01
9.76 4.09
9.74 4.25
9.72 4.38
9.7 4.50
9.68 4.61
9.67 4.70
9.66 4.79
9.65 4.91
9.63 5.01
9.62 5.11
9.61 5.19
5.35
5.48
9.58 5.60
9.57 5.70
9.54 5.89
9.52 6.17
9.49 6.40
9.47 6.58
9.45 6.73
9.44 6.87
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 23.83249623 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.5236444
24.89055843
25.06406983
25.18891491
25.44091357
25.51712145
OK
26.03252585
26.05863766
26.13717174
26.18969406
26.26872838
0:14:00
0:16:00
80.66341
80.66341
26.37457878
26.40112603
25.26418939
25.33974172
25.39026521
0:06:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
26.32158601
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
25.46628474
25.54258711
Cumulative Time (s)
5
10
15
20
25
165
180
25.67039135
25.77321009
25.79899527
25.8248128
25.85066273
25.90246013
25.95438803
25.56808441
25.61917419
25.72173647
25.92840773
30
35
40
45
50
55
240
270
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 5 Wet
Date: 5/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.35
k = q / 4πs = 2.000
23
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 4 Wet
Date: 5/23/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
21.70 21.70
21.7 39.27 39.5
0.00 17.6 17.80
0.00 1443.10
0.00 1424.75 1443.10
0% 29% 29.5%
100% 77% 77.5%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
25.3
25.7
Calculation 1 Calc 2
2.063 2.077 Page 1 of 3
1.149
13.790
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
99.7%
1496.2
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
1.42E-03
3.75E-06
0.771
Thermal Conductivity (btu in/ft2 F)
1421.0
0.1524
0.003272
3262
9579
4896.0
1.85E-03
Initial Time, ti (s)
4896.0
1.85E-03
0.0
0.00E+00
1.42E-03
0.77
0.0%
3.27
0.405
0.15
8.82
0.1794 0.1794
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3262
8158
1496.2
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
488
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 4 Wet
Date: 5/23/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.47 0
10.16 1.61
10.03 2.30
9.97 2.71
9.93 3.00
9.89 3.22
9.87 3.40
9.85 3.56
9.83 3.69
9.82 3.81
9.8 3.91
9.79 4.01
9.78 4.09
9.76 4.25
9.74 4.38
9.72 4.50
9.71 4.61
9.7 4.70
9.69 4.79
9.67 4.91
9.65 5.01
9.64 5.11
9.63 5.19
9.61 5.35
9.6 5.48
9.58 5.60
9.57 5.70
9.54 5.89
9.5 6.17
9.48 6.40
9.46 6.58
9.44 6.73
9.42 6.87
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 23.83249623 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
24.57218629
24.89055843
25.03919205
25.13888536
25.39026521
25.46628474
OK
26.03252585
26.05863766
26.13717174
26.24235006
26.29514034
0:14:00
0:16:00
25.95438803
25.9804011
26.40112603
26.45432264
25.23906712
25.28934254
25.33974172
0:06:00
0:08:00
0:10:00
0:12:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
26.34806546
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
25.41557374
25.49168735
Cumulative Time (s)
5
10
15
20
25
165
180
25.61917419
25.69604788
25.72173647
25.74745718
25.79899527
25.85066273
25.90246013
25.51712145
25.56808441
25.67039135
25.87654515
30
35
40
45
50
55
240
270
300
360
480
600
720
840
960
210
60
70
80
90
100
110
120
135
150
489
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 4 Wet
Date: 5/23/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.34
k = q / 4πs = 2.063
23
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 3 Wet
Date: 5/19/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
25.50 25.50
25.5 43.92 44.0
0.00 18.4 18.50
0.00 1499.85
0.00 1493.06 1499.85
0% 32% 31.8%
100% 76% 76.0%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
25.9
26.3
Calculation 1 Calc 2
2.113 2.151 Page 1 of 3
1.177
14.126
Notes:
Wt Mold = wet stone/mold/ water at base
7964
1440.9
Percent Solids (%)
Wt. Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003272
3249
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
1490.0
0.1524
0.003272
3249
9454
4715.0
1.78E-03
Initial Time, ti (s)
4715.0
1.78E-03
0.0
0.00E+00
1.49E-03
0.84
0.0%
Vol. Gas Vg (m3)
Void Ratio e
3.27
0.405
0.15
Thermal Conductivity (btu in/ft2 F)
Mass Water g
1440.9
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
SET UP TESTING
1.49E-03
3.06E-06
0.839
99.8%
8.82
0.1794 0.1794
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 3 Wet
Date: 5/19/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.2 0
9.9 1.61
9.79 2.30
9.72 2.71
9.68 3.00
9.65 3.22
9.63 3.40
9.61 3.56
9.59 3.69
9.58 3.81
9.56 3.91
9.55 4.01
9.54 4.09
9.52 4.25
9.5 4.38
9.49 4.50
9.48 4.61
9.47 4.70
9.46 4.79
9.44 4.91
9.43 5.01
9.42 5.11
9.41 5.19
9.39 5.35
9.38 5.48
9.36 5.60
9.35 5.70
9.33 5.89
9.31 6.17
9.29 6.40
9.28 6.58
9.27 6.73
9.26 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
480
600
180
26.24235006
26.29514034
26.32158601
26.34806546
26.03252585
26.11096054
26.26872838
26.45432264
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
26.40112603
26.4277073
26.48097214
26.13717174
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
26.83055762
OK
26.61473456
26.64159055
26.69540663
26.74936202
26.80345732
0:14:00
0:16:00
26.5343739
26.56112631
26.85769312
26.8848639
25.85066273
25.90246013
25.95438803
0:06:00
0:08:00
0:10:00
0:12:00
0:00:00 24.47521794
26.00644702
26.08478253
26.18969406
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.21397565
25.49168735
25.67039135
25.77321009
Recorded Time
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
1
492
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 3 Wet
Date: 5/19/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.33
k = q / 4πs = 2.113
24
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 2 Wet
Date: 5/19/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
21.00 21.00
21 37.58 37.4
0.00 16.6 16.40
0.00 1329.60
0.00 1344.00 1329.60
0% 26% 26.0%
100% 79% 79.5%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
24.3
24.7
Calculation 1 Calc 2
2.163 2.177 Page 1 of 3
1.205
14.459
Notes:
Wt Mold = wet stone/mold/ water at base
8358
1561.6
Percent Solids (%)
Wt. Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003272
3248
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
1316.0
0.1524
0.003272
3248
9674
5110.0
1.93E-03
Initial Time, ti (s)
5110.0
1.93E-03
0.0
0.00E+00
1.34E-03
0.70
0.0%
Vol. Gas Vg (m3)
Void Ratio e
3.27
0.405
0.15
Thermal Conductivity (btu in/ft2 F)
Mass Water g
1561.6
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
SET UP TESTING
1.32E-03
2.80E-05
0.697
97.9%
8.82
0.1794 0.1794
494
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 2 Wet
Date: 5/19/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.88 0
10.56 1.61
10.43 2.30
10.36 2.71
10.32 3.00
10.28 3.22
10.26 3.40
10.24 3.56
10.22 3.69
10.21 3.81
10.19 3.91
10.18 4.01
10.17 4.09
10.15 4.25
10.13 4.38
10.11 4.50
10.1 4.61
10.09 4.70
10.08 4.79
10.06 4.91
10.05 5.01
10.04 5.11
10.02 5.19
10 5.35
9.99 5.48
9.97 5.60
9.96 5.70
9.93 5.89
9.9 6.17
9.87 6.40
9.85 6.58
9.83 6.73
9.81 6.87
Temp Check = 
720
840
210
60
70
80
90
100
110
960
240
270
300
360
480
600
180
24.64521669
24.71850975
24.74299945
24.7675186
24.45104783
24.5236444
24.69404943
24.86589103
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
24.81664551
24.84125341
24.91525568
24.54790089
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
25.33974172
OK
25.03919205
25.06406983
25.13888536
25.21397565
25.28934254
0:14:00
0:16:00
24.96474
24.98952721
25.39026521
25.44091357
24.28265591
24.33062589
24.37870921
0:06:00
0:08:00
0:10:00
0:12:00
0:00:00 22.89376655
24.42690639
24.49941678
24.59650068
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
23.62269163
23.92644213
24.09189915
24.18705393
Recorded Time
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 2 Wet
Date: 5/19/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.32
k = q / 4πs = 2.163
22.5
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 1 Wet
Date: 5/18/16
Tested By: AJR
29.9
Water Content (%)
o Ideal Actual
29.90 29.90
29.9 49.14 49.0
0.00 19.2 19.10
0.00 1548.50
0.00 1559.47 1548.50
0% 34% 34.1%
100% 74% 74.9%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
100
24.3
24.7
Calculation 1 Calc 2
2.072 2.023 Page 1 of 3
1.154
13.849
Notes:
Wt Mold = wet stone/mold/ water at base
SET UP TESTING
1.52E-03
3.75E-05
0.910
97.6%
1402.7
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
Thermal Conductivity (btu in/ft2 F)
3.27
0.400
0.15
8.71
0.1794
Initial Time, ti (s)
4539.0
1.71E-03
0.0
0.00E+00
1.56E-03
0.91
0.0%
0.1774
0.1524
0.003236
3307
9368
4539.0
1.71E-03
1522.0
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Thermal Conductivity (W/m°C)
0.1524
0.003272
3307
7846
1387.1
Percent Solids (%)
Wt. Soil + Mold (g)
Initial Temperature, Ti (°C)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 1 Wet
Date: 5/18/16
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.87 0
10.56 1.61
10.43 2.30
10.36 2.71
10.32 3.00
10.28 3.22
10.26 3.40
10.23 3.56
10.21 3.69
10.2 3.81
10.18 3.91
10.17 4.01
10.16 4.09
10.14 4.25
10.12 4.38
10.1 4.50
10.09 4.61
10.08 4.70
10.06 4.79
10.05 4.91
10.03 5.01
10.02 5.11
10.01 5.19
9.99 5.35
9.98 5.48
9.96 5.60
9.95 5.70
9.93 5.89
9.89 6.17
9.87 6.40
9.84 6.58
9.82 6.73
9.81 6.87
Temp Check = 
1
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
23.62269163
23.92644213
24.09189915
24.18705393
Recorded Time
0:00:00 22.91615503
24.45104783
24.5236444
24.28265591
24.33062589
24.40279353
0:06:00
0:08:00
0:10:00
0:12:00
0:14:00
0:16:00
24.98952721
25.01434454
25.41557374
25.44091357
OK
25.06406983
25.08897792
25.13888536
25.23906712
25.28934254
25.36498789
Cumulative Time (s)
5
10
15
20
25
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
30
35
40
45
50
55
24.84125341
24.89055843
24.93998285
24.57218629
24.62084412
24.71850975
24.91525568
120
135
150
165
180
24.66961843
24.74299945
24.7675186
24.81664551
24.47521794
24.54790089
960
240
270
300
360
480
600
210
60
70
80
90
100
110
720
840
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 1 Wet
Date: 5/18/16
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.33
k = q / 4πs = 2.072
22.5
23
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 7
Date: 5/18/17
Tested By: AJR
Water Content (%)
6 Average
164.46 164.46
148.72 148.72
15.74 15.74
46.02 46.02
102.70 102.70
15.3 15.3 15.3
86.7 86.7 86.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.3
29.8
Calculation 1
3.085 Page 1 of 3
1.719
20.623
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
6202.4
2.34E-03
950.6
9.51E-04
1.84E-04
0.485
83.8%
5.55
0.710
0.15
26.25
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
184
7337
1784.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
500
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 7
Date: 5/18/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.14 0
9.37 1.61
9.08 2.30
8.95 2.71
8.87 3.00
8.81 3.22
8.77 3.40
8.73 3.56
8.7 3.69
8.67 3.81
8.65 3.91
8.62 4.01
8.61 4.09
8.57 4.25
8.54 4.38
8.52 4.50
8.49 4.61
8.47 4.70
8.45 4.79
8.43 4.91
8.4 5.01
8.38 5.11
8.36 5.19
8.33 5.35
8.3 5.48
8.27 5.60
8.25 5.70
8.21 5.89
8.15 6.17
8.11 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.62084412 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.58791317
27.3800573
27.7450735
27.97285935
Recorded Time
28.37742199
28.46511429
28.61206463
OK
29.76246806
29.82471047
29.94971889
30.13855097
30.26532687
29.57677966
29.66942973
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.55316452
28.70071637
Cumulative Time (s)
5
10
15
20
2528.14530902
28.26105191
165
180
28.93890605
29.08910756
29.1494782
29.21001559
29.2707204
29.36209302
29.48451553
28.7303477
28.84927899
28.99886278
29.42321937
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
501
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 7
Date: 5/18/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.68
k = q / 4πs = 3.085
24
25
26
27
28
29
30
1 10 100 1000
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 6
Date: 5/18/17
Tested By: AJR
Water Content (%)
6 Average
164.46 164.46
148.72 148.72
15.74 15.74
46.02 46.02
102.70 102.70
15.3 15.3 15.3
86.7 86.7 86.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.9
28.0
Calculation 1
1.380 Page 1 of 3
0.769
9.227
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4287.8
1.62E-03
657.2
6.57E-04
1.20E-03
1.148
35.4%
3.09
0.390
0.15
8.03
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
184
5129
1233.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
503
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 6
Date: 5/18/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.95 0
9.64 1.61
9.47 2.30
9.39 2.71
9.33 3.00
9.29 3.22
9.25 3.40
9.23 3.56
9.2 3.69
9.18 3.81
9.17 3.91
9.15 4.01
9.13 4.09
9.11 4.25
9.09 4.38
9.07 4.50
9.05 4.61
9.03 4.70
9.02 4.79
9 4.91
8.98 5.01
8.96 5.11
8.94 5.19
8.92 5.35
8.9 5.48
8.88 5.60
8.86 5.70
8.82 5.89
8.77 6.17
8.73 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 25.08897792 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.87654515
26.32158601
26.5343739
26.69540663
Recorded Time
26.96658867
27.04863366
27.13100095
OK
27.94425258
28.00150451
28.11647069
28.26105191
28.37742199
27.83020784
27.88715391
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.10350925
27.18609255
Cumulative Time (s)
5
10
15
20
2526.80345732
26.91207004
165
180
27.35223846
27.46373453
27.51970406
27.54774448
27.603937
27.66027897
27.77341376
27.24132892
27.29671069
27.40791287
27.71677101
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
504
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 6
Date: 5/18/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.46
k = q / 4πs = 1.380
25
26
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28
29
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 5
Date: 5/18/17
Tested By: AJR
Water Content (%)
6 Average
133.13 133.13
124.55 124.55
8.58 8.58
43.97 43.97
80.58 80.58
10.6 10.6 10.6
90.4 90.4 90.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.5
29.5
Calculation 1
0.339 Page 1 of 3
0.189
2.265
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
3181.3
1.20E-03
338.7
3.39E-04
1.94E-03
1.895
14.9%
2.02
0.250
0.15
3.37
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
183
3703
915.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
506
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 5
Date: 5/18/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.79 0
9.59 1.61
9.42 2.30
9.28 2.71
9.17 3.00
9.09 3.22
9.02 3.40
8.97 3.56
8.92 3.69
8.88 3.81
8.85 3.91
8.82 4.01
8.79 4.09
8.75 4.25
8.72 4.38
8.69 4.50
8.66 4.61
8.63 4.70
8.61 4.79
8.58 4.91
8.56 5.01
8.53 5.11
8.51 5.19
8.47 5.35
8.43 5.48
8.4 5.60
8.37 5.70
8.32 5.89
8.24 6.17
8.18 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 25.49168735 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.00644702
26.45432264
26.83055762
27.13100095
Recorded Time
27.68850619
27.83020784
28.03018814
OK
29.36209302
29.45384618
29.60762002
29.855897
30.04393609
29.1494782
29.2707204
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
27.94425258
28.11647069
Cumulative Time (s)
5
10
15
20
2527.35223846
27.54774448
165
180
28.40661312
28.58259453
28.67112547
28.7303477
28.81948511
28.87911372
29.028903
28.20310239
28.31915822
28.49442448
28.96886382
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
507
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 5
Date: 5/18/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.79
k = q / 4πs = 0.339
25
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 4
Date: 5/18/17
Tested By: AJR
Water Content (%)
5 Average
186.75 186.75
181.51 181.51
5.24 5.24
79.47 79.47
102.04 102.04
5.1 5.1 5.1
95.1 95.1 95.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.6
27.3
Calculation 1
0.877 Page 1 of 3
0.488
5.860
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4204.1
1.59E-03
215.9
2.16E-04
1.67E-03
1.190
11.4%
2.03
0.250
0.15
3.38
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
183
4603
1209.8
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
509
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 4
Date: 5/18/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.75 0
9.62 1.61
9.52 2.30
9.46 2.71
9.42 3.00
9.4 3.22
9.37 3.40
9.36 3.56
9.34 3.69
9.32 3.81
9.31 3.91
9.3 4.01
9.29 4.09
9.27 4.25
9.26 4.38
9.24 4.50
9.23 4.61
9.22 4.70
9.21 4.79
9.2 4.91
9.18 5.01
9.17 5.11
9.16 5.19
9.14 5.35
9.12 5.48
9.11 5.60
9.1 5.70
9.07 5.89
9.04 6.17
9.01 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 25.59361341 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
25.92840773
26.18969406
26.34806546
26.45432264
Recorded Time
26.61473456
26.66848122
26.74936202
OK
27.29671069
27.32445629
27.40791287
27.49170077
27.5758221
27.2136926
27.26900159
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
26.72236688
26.77639215
Cumulative Time (s)
5
10
15
20
2526.50765586
26.58791317
165
180
26.8848639
26.96658867
26.99390132
27.02124962
27.04863366
27.10350925
27.15852869
26.80345732
26.85769312
26.9393116
27.13100095
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
510
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 4
Date: 5/18/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.31
k = q / 4πs = 0.877
25
26
27
28
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 3
Date: 5/18/17
Tested By: AJR
Water Content (%)
5 Average
186.75 186.75
181.51 181.51
5.24 5.24
79.47 79.47
102.04 102.04
5.1 5.1 5.1
95.1 95.1 95.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.5
31.8
Calculation 1
0.178 Page 1 of 3
0.099
1.192
Notes:
2967
762.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
183
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
5.5%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
3.16
0.1905
Initial Time, ti (s)
2648.0
9.99E-04
136.0
1.36E-04
2.34E-03
2.478
2.02
0.235
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 3
Date: 5/18/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.45 0
9.29 1.61
9.12 2.30
8.97 2.71
8.87 3.00
8.78 3.22
8.69 3.40
8.62 3.56
8.56 3.69
8.51 3.81
8.46 3.91
8.41 4.01
8.37 4.09
8.3 4.25
8.24 4.38
8.19 4.50
8.14 4.61
8.1 4.70
8.06 4.79
8.01 4.91
7.96 5.01
7.92 5.11
7.88 5.19
7.81 5.35
7.76 5.48
7.7 5.60
7.65 5.70
7.56 5.89
7.44 6.17
7.36 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
480
600
180
29.855897
30.17017805
30.29713263
30.42480548
29.028903
29.33159331
30.01248629
30.87739936
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
30.58541531
30.74716752
31.00837532
29.45384618
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
31.60713231
31.77622108
32.08367559
32.4999075
32.78146447
31.23939131
31.40582625
0:06:00
0:08:00
0:10:00
29.17972601
28.23205759
0:00:00 26.37457878
28.87911372
28.49442448
28.70071637
29.66942973
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.80345732
27.26900159
27.68850619
27.97285935
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 3
Date: 5/18/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.41
k = q / 4πs = 0.178
26
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 1
Date: 5/18/17
Tested By: AJR
Water Content (%)
2 Average
189.82 189.82
189.64 189.64
0.18 0.18
84.35 84.35
105.29 105.29
0.2 0.2 0.2
99.8 99.8 99.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
30.3
36.1
Calculation 1
0.092 Page 1 of 3
0.051
0.614
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
2970.9
1.12E-03
5.1
5.08E-06
2.35E-03
2.100
0.2%
2.02
0.230
0.15
3.10
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
183
3159
854.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 1
Date: 5/18/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
8.92 0
8.77 1.61
8.59 2.30
8.45 2.71
8.33 3.00
8.21 3.22
8.11 3.40
8.01 3.56
7.92 3.69
7.85 3.81
7.77 3.91
7.71 4.01
7.65 4.09
7.53 4.25
7.44 4.38
7.35 4.50
7.25 4.61
7.19 4.70
7.13 4.79
7.03 4.91
6.97 5.01
6.9 5.11
6.84 5.19
6.73 5.35
6.64 5.48
6.55 5.60
6.48 5.70
6.37 5.89
6.18 6.17
6.05 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 27.83020784 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
28.26105191
28.78973198
29.21001559
29.57677966
Recorded Time
30.58541531
30.87739936
31.37244368
OK
35.82750991
36.10843487
36.55591451
37.34656055
37.90079158
35.11854049
35.47063435
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
31.10709912
31.57346051
Cumulative Time (s)
5
10
15
20
2529.94971889
30.26532687
165
180
32.4999075
33.17402466
33.3908347
33.60956811
33.9784562
34.20242373
34.69458616
31.77622108
32.18705424
32.816891
34.46625183
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
516
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 1
Date: 5/18/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 2.68
k = q / 4πs = 0.092
27
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 6
Date: 5/18/17
Tested By: AJR
Water Content (%)
S15 Average
210.69 210.69
193.91 193.91
16.78 16.78
48.17 48.17
145.74 145.74
11.5 11.5 11.5
89.7 89.7 89.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.0
30.5
Calculation 1
3.704 Page 1 of 3
2.063
24.761
Notes:
6385
1887.3
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.002946
185
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
75.5%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
29.82
0.1615
Initial Time, ti (s)
5559.9
2.10E-03
640.1
6.40E-04
2.08E-04
0.404
6.05
0.740
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 6
Date: 5/18/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.87 0
9.06 1.61
8.79 2.30
8.67 2.71
8.61 3.00
8.55 3.22
8.51 3.40
8.48 3.56
8.45 3.69
8.43 3.81
8.41 3.91
8.39 4.01
8.37 4.09
8.33 4.25
8.31 4.38
8.28 4.50
8.26 4.61
8.24 4.70
8.22 4.79
8.2 4.91
8.18 5.01
8.16 5.11
8.14 5.19
8.1 5.35
8.08 5.48
8.05 5.60
8.03 5.70
7.99 5.89
7.92 6.17
7.86 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
480
600
180
29.63850335
29.79356752
29.855897
29.91840112
29.2707204
29.39263501
29.731412
30.10696835
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.98108058
30.04393609
30.17017805
29.45384618
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
30.45683659
30.52103492
30.64997848
30.87739936
31.07414417
30.29713263
30.36087891
0:06:00
0:08:00
0:10:00
29.33159331
28.90898938
0:00:00 25.28934254
29.21001559
29.028903
29.11927208
29.57677966
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
27.43580525
28.20310239
28.55316452
28.7303477
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 6
Date: 5/18/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.64
k = q / 4πs = 3.704
25
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 6
Date: 5/18/17
Tested By: AJR
Water Content (%)
S15 Average
210.69 210.69
193.91 193.91
16.78 16.78
48.17 48.17
145.74 145.74
11.5 11.5 11.5
89.7 89.7 89.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.8
29.2
Calculation 1
3.828 Page 1 of 3
2.132
25.586
Notes:
6385
1873.3
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.002968
185
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
73.6%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
27.53
0.1627
Initial Time, ti (s)
5559.9
2.10E-03
640.1
6.40E-04
2.30E-04
0.415
5.78
0.715
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 6
Date: 5/18/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.26 0
9.48 1.61
9.22 2.30
9.1 2.71
9.04 3.00
8.99 3.22
8.94 3.40
8.91 3.56
8.88 3.69
8.86 3.81
8.84 3.91
8.82 4.01
8.8 4.09
8.77 4.25
8.75 4.38
8.72 4.50
8.7 4.61
8.68 4.70
8.66 4.79
8.64 4.91
8.61 5.01
8.58 5.11
8.57 5.19
8.53 5.35
8.5 5.48
8.48 5.60
8.45 5.70
8.4 5.89
8.32 6.23
8.28 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
510
600
180
28.31915822
28.46511429
28.52377454
28.58259453
28.00150451
28.11647069
28.40661312
28.81948511
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.64157492
28.7303477
28.84927899
28.17418622
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
29.11927208
29.21001559
29.36209302
29.60762002
29.731412
28.96886382
29.05898456
0:06:00
0:08:30
0:10:00
28.05891033
27.63208926
0:00:00 24.33062589
27.94425258
27.77341376
27.85866184
28.26105191
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.29514034
26.99390132
27.32445629
27.49170077
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 6
Date: 5/18/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.57
k = q / 4πs = 3.828
24
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 5
Date: 5/17/17
Tested By: AJR
Water Content (%)
S15 Average
210.69 210.69
193.91 193.91
16.78 16.78
48.17 48.17
145.74 145.74
11.5 11.5 11.5
89.7 89.7 89.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.1
29.6
Calculation 1
3.537 Page 1 of 3
1.970
23.638
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1645
Initial Time, ti (s)
5559.0
2.10E-03
640.0
6.40E-04
2.63E-04
0.430
70.9%
5.78
0.720
0.15
27.72
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003001
186
6385
1852.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
524
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 5
Date: 5/17/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.18 0
9.38 1.61
9.11 2.30
8.98 2.71
8.91 3.00
8.85 3.22
8.81 3.40
8.77 3.56
8.75 3.69
8.73 3.81
8.7 3.91
8.68 4.01
8.66 4.09
8.63 4.25
8.6 4.38
8.58 4.50
8.55 4.61
8.53 4.70
8.51 4.79
8.48 4.91
8.46 5.01
8.44 5.11
8.42 5.19
8.39 5.35
8.36 5.48
8.34 5.60
8.31 5.70
8.26 5.97
8.21 6.17
8.17 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 24.5236444 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.56112631
27.29671069
27.66027897
27.85866184
Recorded Time
28.26105191
28.31915822
28.46511429
OK
29.54598218
29.63850335
29.79356752
29.94971889
30.07543008
29.39263501
29.48451553
0:06:30
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.37742199
28.52377454
Cumulative Time (s)
5
10
15
20
2528.03018814
28.14530902
165
180
28.76001954
28.90898938
28.96886382
29.028903
29.11927208
29.17972601
29.3011358
28.58259453
28.67112547
28.81948511
29.24034702
30
35
40
45
50
55
240
270
300
390
480
600
210
60
70
80
90
100
110
120
135
150
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 5
Date: 5/17/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.62
k = q / 4πs = 3.537
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 4
Date: 5/17/17
Tested By: AJR
Water Content (%)
S15 Average
210.69 210.69
193.91 193.91
16.78 16.78
48.17 48.17
145.74 145.74
11.5 11.5 11.5
89.7 89.7 89.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.9
29.5
Calculation 1
3.091 Page 1 of 3
1.722
20.661
Notes:
6500
1638.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003457
186
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
49.4%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
27.74
0.1895
Initial Time, ti (s)
5662.1
2.14E-03
651.9
6.52E-04
6.68E-04
0.618
5.78
0.720
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 4
Date: 5/17/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
10.34 0
9.47 1.61
9.22 2.30
9.09 2.71
9.01 3.00
8.95 3.22
8.91 3.40
8.87 3.56
8.84 3.69
8.81 3.81
8.78 3.91
8.76 4.01
8.74 4.09
8.71 4.25
8.67 4.38
8.64 4.50
8.61 4.61
8.59 4.70
8.57 4.79
8.55 4.91
8.53 5.01
8.5 5.11
8.49 5.19
8.45 5.35
8.43 5.48
8.4 5.60
8.37 5.70
8.33 5.89
8.27 6.17
8.21 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
480
600
180
28.55316452
28.7303477
28.78973198
28.84927899
28.14530902
28.29008542
28.64157492
29.05898456
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
28.90898938
28.96886382
29.08910756
28.34827038
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
29.36209302
29.45384618
29.57677966
29.76246806
29.94971889
29.21001559
29.2707204
0:06:00
0:08:00
0:10:00
28.23205759
27.7450735
0:00:00 24.1394209
28.05891033
27.85866184
27.97285935
28.43584386
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.32158601
26.99390132
27.35223846
27.5758221
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
528
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 4
Date: 5/17/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.71
k = q / 4πs = 3.091
24
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 3
Date: 5/17/17
Tested By: AJR
Water Content (%)
2 Average
148.68 148.68
141.25 141.25
7.43 7.43
45.82 45.82
95.43 95.43
7.8 7.8 7.8
92.8 92.8 92.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.4
29.3
Calculation 1
2.347 Page 1 of 3
1.307
15.685
Notes:
6650
1726.8
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
182
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
38.6%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
12.67
0.1905
Initial Time, ti (s)
6000.8
2.26E-03
467.2
4.67E-04
7.43E-04
0.535
3.96
0.480
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
530
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 3
Date: 5/17/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.93 0
9.39 1.61
9.07 2.30
8.9 2.71
8.82 3.00
8.75 3.22
8.71 3.40
8.68 3.56
8.66 3.69
8.64 3.81
8.63 3.91
8.61 4.01
8.6 4.09
8.58 4.25
8.56 4.38
8.55 4.50
8.53 4.61
8.52 4.70
8.51 4.79
8.5 4.91
8.49 5.01
8.47 5.11
8.47 5.19
8.45 5.35
8.43 5.48
8.42 5.60
8.41 5.70
8.39 5.89
8.35 6.17
8.32 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
480
600
180
28.87911372
28.96886382
28.99886278
29.028903
28.64157492
28.7303477
28.90898938
29.1494782
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
29.05898456
29.08910756
29.1494782
28.76001954
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
29.3011358
29.33159331
29.39263501
29.5152275
29.60762002
29.21001559
29.2707204
0:06:00
0:08:00
0:10:00
28.67112547
28.31915822
0:00:00 25.13888536
28.58259453
28.43584386
28.52377454
28.81948511
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.5343739
27.40791287
27.88715391
28.11647069
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
531
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 3
Date: 5/17/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.43
k = q / 4πs = 2.347
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 1
Date: 5/17/17
Tested By: AJR
Water Content (%)
2 Average
148.68 148.68
141.25 141.25
7.43 7.43
45.82 45.82
95.43 95.43
7.8 7.8 7.8
92.8 92.8 92.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.7
31.2
Calculation 1
1.521 Page 1 of 3
0.847
10.164
Notes:
6112
1583.2
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
182
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
30.6%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
12.67
0.1905
Initial Time, ti (s)
5501.7
2.08E-03
428.3
4.28E-04
9.71E-04
0.674
3.96
0.480
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
533
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 1
Date: 5/17/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.99 0
9.4 1.61
8.96 2.30
8.67 2.71
8.48 3.00
8.36 3.22
8.28 3.40
8.23 3.56
8.18 3.69
8.15 3.81
8.12 3.91
8.1 4.01
8.08 4.09
8.05 4.25
8.03 4.38
8.01 4.50
7.99 4.61
7.97 4.70
7.96 4.79
7.94 4.91
7.93 5.01
7.91 5.11
7.9 5.19
7.88 5.35
7.84 5.48
7.83 5.60
7.83 5.70
7.79 5.89
7.75 6.17
7.69 6.49
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
480
660
180
30.52103492
30.64997848
30.71472515
30.74716752
30.13855097
30.29713263
30.58541531
30.91007337
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
30.81219079
30.84477187
30.94279397
30.36087891
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
31.17315056
31.17315056
31.3058221
31.43925679
31.64085263
31.00837532
31.14010122
0:06:00
0:08:00
0:11:00
30.23356591
29.48451553
0:00:00 24.98952721
30.04393609
29.731412
29.88712718
30.45683659
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.50765586
27.71677101
28.55316452
29.11927208
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
534
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 1
Date: 5/17/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.66
k = q / 4πs = 1.521
24
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 1
Date: 5/17/17
Tested By: AJR
Water Content (%)
2 Average
119.30 119.30
119.24 119.24
0.06 0.06
45.82 45.82
73.42 73.42
0.1 0.1 0.1
99.9 99.9 99.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.1
30.9
Calculation 1
0.223 Page 1 of 3
0.124
1.493
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
5179.8
1.95E-03
4.2
4.23E-06
1.52E-03
0.778
0.3%
2.18
0.260
0.15
3.77
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
182
5366
1490.6
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
536
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 1
Date: 5/17/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
9.71 0
9.5 1.61
9.3 2.30
9.14 2.71
9.02 3.00
8.92 3.22
8.84 3.40
8.77 3.56
8.71 3.69
8.65 3.81
8.6 3.91
8.56 4.01
8.52 4.09
8.46 4.25
8.39 4.38
8.35 4.50
8.31 4.61
8.28 4.70
8.24 4.79
8.2 4.91
8.16 5.01
8.12 5.11
8.09 5.19
8.04 5.35
7.99 5.48
7.95 5.60
7.91 5.70
7.85 5.89
7.75 6.17
7.68 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 25.69604788 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
26.24235006
26.77639215
27.2136926
27.54774448
Recorded Time
28.26105191
28.43584386
28.76001954
OK
30.77965604
30.91007337
31.10709912
31.43925679
31.67462157
30.48891304
30.64997848
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
28.61206463
28.87911372
Cumulative Time (s)
5
10
15
20
2527.83020784
28.05891033
165
180
29.39263501
29.63850335
29.731412
29.855897
29.98108058
30.10696835
30.32898328
28.99886278
29.17972601
29.5152275
30.23356591
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
537
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 1
Date: 5/17/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.34
k = q / 4πs = 0.223
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa 10% Silt 9
Date: 5/15/17
Tested By: AJR
29.9
Water Content (%)
o Ideal Measured Actual
12.50 12.50
12.50 17.99 16.2
0.00 5.5 3.70
0.00 299.97 802.90
0.00 444.72 299.97 802.90
14.5% 23% 20.0% 14.8%
87% 81% 83.3% 83.3%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
100
22.2
23.5
Calculation 1 Calc 2
2.905 2.850 Page 1 of 3
1.618
19.417
Notes:
Wt Mold = wet stone/mold/ water at base
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
Mass Water g
86.9%
1573.7
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
SET UP TESTING
1.08E-03
1.63E-04
0.611
Thermal Conductivity (btu in/ft2 F)
1084.9
0.1524
0.003291
3013
9229.00
5413.1
2.04E-03
Initial Time, ti (s)
5413.1
2.04E-03
784.9
7.85E-04
4.45E-04
0.60
63.8%
5.98
0.735
0.15
29.28
0.1794 0.1804
Heat Input, Q (W/m)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
0.003272
3013
9211
1654.2
Percent Solids (%)
Wt. Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa 10% Silt 9
Date: 5/15/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
13.2 0
11.98 1.61
11.53 2.30
11.32 2.71
11.21 3.00
11.12 3.22
11.04 3.40
10.99 3.56
10.94 3.69
10.9 3.81
10.86 3.91
10.82 4.01
10.8 4.09
10.73 4.25
10.69 4.38
10.65 4.50
10.62 4.61
10.59 4.70
10.57 4.79
10.52 4.91
10.49 5.01
10.45 5.11
10.43 5.19
10.38 5.35
10.32 5.48
10.29 5.60
10.25 5.70
10.2 5.89
10.12 6.17
10.06 6.40
Temp Check = 
0:01:30
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
Recorded Time
0:00:00 18.25647798 1
0:00:25
0:00:30
0:00:35
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
20.56876917
21.4886087
21.93217238
22.16837712
22.75994915
22.9385681
OK
24.25871327
24.35465335
24.47521794
24.66961843
24.81664551
24.04448819
24.18705393
22.36367562
22.53885021
22.64910071
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
22.84906319
23.02846759
Cumulative Time (s)
5
10
15
20
25
165
180
23.32341111
23.48401485
23.55323505
23.59951307
23.71567098
23.78568555
23.92644213
23.07356646
23.23220342
23.41502939
23.87941492
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
540
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa 10% Silt 9
Date: 5/15/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.80
k = q / 4πs = 2.905
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 8
Date: 5/11/17
Tested By: AJR
Water Content (%)
B Average
288.59 288.59
262.80 262.80
25.79 25.79
84.35 84.35
178.45 178.45
14.5 14.5 14.5
87.4 87.4 87.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
22.7
24.3
Calculation 1
3.254 Page 1 of 3
1.812
21.750
Notes:
6732
1646.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
182
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
62.9%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
29.88
0.1905
Initial Time, ti (s)
5722.9
2.16E-03
827.1
8.27E-04
4.88E-04
0.609
5.98
0.750
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 8
Date: 5/11/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
13.06 0
11.85 1.61
11.36 2.30
11.22 2.71
11.11 3.00
11.03 3.22
10.96 3.40
10.91 3.56
10.87 3.69
10.83 3.81
10.79 3.91
10.76 4.01
10.74 4.09
10.69 4.25
10.64 4.38
10.61 4.50
10.57 4.61
10.55 4.70
10.52 4.79
10.49 4.91
10.45 5.01
10.43 5.11
10.39 5.19
10.36 5.35
10.31 5.48
10.28 5.60
10.26 5.70
10.21 5.89
10.13 6.17
10.07 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
480
600
180
23.43799856
23.59951307
23.64589664
23.71567098
23.00595553
23.1640648
23.50706208
23.92644213
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
23.78568555
23.87941492
24.0208241
23.2094652
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
24.28265591
24.33062589
24.45104783
24.64521669
24.79206726
24.09189915
24.21091234
0:06:00
0:08:00
0:10:00
23.09615339
22.56085281
0:00:00 18.50990521
22.91615503
22.71553757
22.82674818
23.32341111
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
20.83038651
21.84694692
22.14679153
22.38549069
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 8
Date: 5/11/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.73
k = q / 4πs = 3.254
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 7
Date: 5/11/17
Tested By: AJR
Water Content (%)
B Average
288.59 288.59
262.80 262.80
25.79 25.79
84.35 84.35
178.45 178.45
14.5 14.5 14.5
87.4 87.4 87.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
25.6
28.7
Calculation 1
1.748 Page 1 of 3
0.974
11.683
Notes:
5383
1313.5
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003448
200
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
37.6%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
29.45
0.189
Initial Time, ti (s)
4528.5
1.71E-03
654.5
6.54E-04
1.08E-03
1.017
5.97
0.740
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 7
Date: 5/11/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
12.55 0
11.19 1.61
10.51 2.30
10.19 2.71
9.99 3.00
9.85 3.22
9.74 3.40
9.65 3.56
9.58 3.69
9.52 3.81
9.46 3.91
9.41 4.01
9.37 4.09
9.3 4.25
9.24 4.38
9.18 4.50
9.12 4.61
9.08 4.70
9.03 4.79
8.99 4.91
8.94 5.01
8.9 5.11
8.86 5.19
8.79 5.35
8.73 5.48
8.68 5.60
8.63 5.70
8.56 5.89
8.46 6.17
8.37 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
480
600
180
26.9393116
27.26900159
27.3800573
27.51970406
26.18969406
26.48097214
27.10350925
27.88715391
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
27.63208926
27.77341376
28.00150451
26.58791317
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
28.52377454
28.67112547
28.87911372
29.17972601
29.45384618
28.20310239
28.37742199
0:06:00
0:08:00
0:10:00
26.34806546
25.33974172
0:00:00 19.45805571
26.03252585
25.61917419
25.85066273
26.77639215
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
22.21161648
23.73898239
24.49941678
24.98952721
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 7
Date: 5/11/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.34
k = q / 4πs = 1.748
19
20
21
22
23
24
25
26
27
28
29
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
547
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 6
Date: 5/11/17
Tested By: AJR
Water Content (%)
S15 Average
172.96 172.96
160.54 160.54
12.42 12.42
48.24 48.24
112.30 112.30
11.1 11.1 11.1
90.0 90.0 90.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.3
25.0
Calculation 1
2.712 Page 1 of 3
1.511
18.127
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
5448.4
2.06E-03
602.6
6.03E-04
8.16E-04
0.690
42.5%
5.50
0.680
0.15
24.93
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
182
6233
1567.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 6
Date: 5/11/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
12.56 0
11.55 1.61
11.13 2.30
10.93 2.71
10.84 3.00
10.76 3.22
10.7 3.40
10.65 3.56
10.6 3.69
10.56 3.81
10.53 3.91
10.5 4.01
10.48 4.09
10.43 4.25
10.39 4.38
10.36 4.50
10.32 4.61
10.28 4.70
10.26 4.79
10.22 4.91
10.19 5.01
10.16 5.11
10.14 5.19
10.1 5.35
10.06 5.48
10.03 5.60
10 5.70
9.95 5.89
9.87 6.17
9.8 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 19.4390691 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
21.4468557
22.34188375
22.78219122
22.98346829
Recorded Time
23.41502939
23.53013546
23.69238625
OK
24.89055843
24.96474
25.08897792
25.28934254
25.46628474
24.71850975
24.81664551
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
23.62269163
23.76232056
Cumulative Time (s)
5
10
15
20
2523.1640648
23.30057085
165
180
24.0208241
24.18705393
24.28265591
24.33062589
24.42690639
24.49941678
24.62084412
23.80907742
23.92644213
24.09189915
24.57218629
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
549
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 6
Date: 5/11/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.73
k = q / 4πs = 2.712
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 2
Date: 5/11/17
Tested By: AJR
Water Content (%)
S15 Average
172.96 172.96
160.54 160.54
12.42 12.42
48.24 48.24
112.30 112.30
11.1 11.1 11.1
90.0 90.0 90.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
22.0
22.6
Calculation 1
1.949 Page 1 of 3
1.085
13.025
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
4575.9
1.73E-03
506.1
5.06E-04
1.24E-03
1.012
28.9%
3.03
0.365
0.15
7.37
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
182
5264
1316.8
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 2
Date: 5/11/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
12.05 0
11.71 1.61
11.52 2.30
11.43 2.71
11.38 3.00
11.34 3.22
11.31 3.40
11.29 3.56
11.27 3.69
11.25 3.81
11.24 3.91
11.22 4.01
11.21 4.09
11.19 4.25
11.17 4.38
11.16 4.50
11.14 4.61
11.13 4.70
11.12 4.79
11.11 4.91
11.09 5.01
11.08 5.11
11.07 5.19
11.05 5.35
11.04 5.48
11.02 5.60
11.01 5.70
10.99 5.89
10.96 6.17
10.93 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 20.42922602 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
21.11581236
21.50951672
21.69864371
21.80446583
Recorded Time
21.9963235
22.03920219
22.10368822
OK
22.58287911
22.60492915
22.64910071
22.71553757
22.78219122
22.51687124
22.53885021
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
22.08217041
22.14679153
Cumulative Time (s)
5
10
15
20
2521.88951563
21.9535339
165
180
22.25494708
22.32011501
22.34188375
22.36367562
22.38549069
22.42919063
22.47298399
22.16837712
22.21161648
22.27664673
22.4510756
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
552
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 2
Date: 5/11/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.30
k = q / 4πs = 1.949
20
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 2
Date: 5/11/17
Tested By: AJR
Water Content (%)
19 Average
147.79 147.79
141.25 141.25
6.54 6.54
49.93 49.93
91.32 91.32
7.2 7.2 7.2
93.3 93.3 93.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.7
24.7
Calculation 1
1.437 Page 1 of 3
0.800
9.604
Notes:
4724
1219.7
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003475
182
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
16.2%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
7.37
0.1905
Initial Time, ti (s)
4238.5
1.60E-03
303.5
3.04E-04
1.57E-03
1.173
3.03
0.365
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
554
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 2
Date: 5/11/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
11.65 0
11.23 1.61
10.96 2.30
10.79 2.71
10.67 3.00
10.59 3.22
10.53 3.40
10.49 3.56
10.45 3.69
10.42 3.81
10.4 3.91
10.38 4.01
10.37 4.09
10.34 4.25
10.31 4.38
10.29 4.50
10.27 4.61
10.26 4.70
10.24 4.79
10.23 4.91
10.21 5.01
10.2 5.11
10.18 5.19
10.16 5.35
10.14 5.48
10.12 5.60
10.11 5.70
10.08 5.89
10.04 6.17
10 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
480
600
180
24.21091234
24.30662677
24.33062589
24.37870921
23.94999659
24.04448819
24.25871327
24.47521794
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
24.40279353
24.45104783
24.5236444
24.06817986
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
24.66961843
24.69404943
24.7675186
24.86589103
24.96474
24.57218629
24.62084412
0:06:00
0:08:00
0:10:00
23.9971875
23.55323505
0:00:00 21.23933859
23.87941492
23.69238625
23.78568555
24.1394209
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
22.12522858
22.71553757
23.09615339
23.36916869
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
555
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 2
Date: 5/11/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.41
k = q / 4πs = 1.437
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 3b
Date: 5/11/17
Tested By: AJR
Water Content (%)
19 Average
147.79 147.79
141.25 141.25
6.54 6.54
49.93 49.93
91.32 91.32
7.2 7.2 7.2
93.3 93.3 93.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
25.3
26.5
Calculation 1
3.348 Page 1 of 3
1.865
22.378
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
5975.1
2.25E-03
427.9
4.28E-04
7.92E-04
0.541
35.1%
5.07
0.625
0.15
21.13
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
182
6585
1719.4
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
557
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 3b
Date: 5/11/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
11.18 0
10.41 1.61
10.16 2.30
10.01 2.71
9.94 3.00
9.9 3.22
9.86 3.40
9.82 3.56
9.8 3.69
9.77 3.81
9.75 3.91
9.73 4.01
9.71 4.09
9.69 4.25
9.66 4.38
9.64 4.50
9.62 4.61
9.6 4.70
9.59 4.79
9.57 4.91
9.55 5.01
9.53 5.11
9.51 5.19
9.46 5.48
9.43 5.60
9.41 5.70
9.38 5.89
9.31 6.17
9.24 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 22.23327035 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
23.97357836
24.57218629
24.93998285
25.11391641
Recorded Time
25.41557374
25.46628474
25.59361341
OK
26.4277073
26.48097214
26.56112631
26.74936202
26.9393116
26.34806546
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
25.54258711
25.64476681
Cumulative Time (s)
5
10
15
20
2525.21397565
25.31452662
165
180
25.8248128
25.92840773
25.9804011
26.00644702
26.05863766
26.11096054
26.21600531
25.69604788
25.74745718
25.87654515
26.16341623
30
35
40
45
50
55
240
270
300
360
480
600
60
70
80
90
100
110
120
135
150
558
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 3b
Date: 5/11/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.50
k = q / 4πs = 3.348
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 3
Date: 5/11/17
Tested By: AJR
Water Content (%)
19 Average
147.79 147.79
141.25 141.25
6.54 6.54
49.93 49.93
91.32 91.32
7.2 7.2 7.2
93.3 93.3 93.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.7
24.5
Calculation 1
3.136 Page 1 of 3
1.747
20.963
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
5975.1
2.25E-03
427.9
4.28E-04
7.92E-04
0.541
35.1%
4.09
0.500
0.15
13.63
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
182
6585
1719.4
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
560
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 3
Date: 5/11/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
11.44 0
10.94 1.61
10.75 2.30
10.66 2.71
10.61 3.00
10.57 3.22
10.54 3.40
10.52 3.56
10.5 3.69
10.49 3.81
10.47 3.91
10.45 4.01
10.44 4.09
10.42 4.25
10.4 4.38
10.38 4.50
10.37 4.61
10.35 4.70
10.34 4.79
10.33 4.91
10.31 5.01
10.3 5.11
10.29 5.19
10.27 5.35
10.24 5.48
10.23 5.60
10.21 5.70
10.18 5.89
10.12 6.17
10.09 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 21.67754412 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
22.75994915
23.18675235
23.39208612
23.50706208
Recorded Time
23.71567098
23.76232056
23.83249623
OK
24.40279353
24.45104783
24.5236444
24.66961843
24.74299945
24.30662677
24.37870921
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
23.78568555
23.87941492
Cumulative Time (s)
5
10
15
20
2523.59951307
23.66912816
165
180
23.9971875
24.06817986
24.11564615
24.1394209
24.16322347
24.21091234
24.25871327
23.90291493
23.94999659
24.04448819
24.23479877
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
561
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 3
Date: 5/11/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.35
k = q / 4πs = 3.136
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 2
Date: 5/11/17
Tested By: AJR
Water Content (%)
19 Average
147.79 147.79
141.25 141.25
6.54 6.54
49.93 49.93
91.32 91.32
7.2 7.2 7.2
93.3 93.3 93.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.4
24.3
Calculation 1
2.270 Page 1 of 3
1.265
15.174
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
5045.6
1.90E-03
361.4
3.61E-04
1.21E-03
0.825
23.0%
3.50
0.425
0.15
9.92
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
182
5589
1452.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
563
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 2
Date: 5/11/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
11.5 0
11.05 1.61
10.87 2.30
10.78 2.71
10.72 3.00
10.68 3.22
10.65 3.40
10.62 3.56
10.6 3.69
10.58 3.81
10.57 3.91
10.55 4.01
10.54 4.09
10.52 4.25
10.5 4.38
10.48 4.50
10.46 4.61
10.45 4.70
10.44 4.79
10.42 4.91
10.4 5.01
10.39 5.11
10.38 5.19
10.35 5.35
10.32 5.48
10.31 5.60
10.29 5.70
10.26 5.89
10.21 6.17
10.17 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 21.55139606 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
22.51687124
22.91615503
23.11876538
23.25496706
Recorded Time
23.48401485
23.53013546
23.59951307
OK
24.21091234
24.25871327
24.33062589
24.45104783
24.54790089
24.11564615
24.18705393
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
23.5763609
23.64589664
Cumulative Time (s)
5
10
15
20
2523.34627704
23.41502939
165
180
23.76232056
23.85594204
23.87941492
23.90291493
23.94999659
23.9971875
24.04448819
23.66912816
23.71567098
23.80907742
24.0208241
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
564
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 2
Date: 5/11/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.35
k = q / 4πs = 2.270
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 1
Date: 5/11/17
Tested By: AJR
Water Content (%)
2 Average
119.31 119.31
119.30 119.30
0.01 0.01
45.82 45.82
73.48 73.48
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.1
25.4
Calculation 1
0.279 Page 1 of 3
0.156
1.868
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
5727.2
2.16E-03
0.8
7.79E-07
1.31E-03
0.608
0.1%
2.23
0.270
0.15
4.01
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
182
5910
1648.1
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
566
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 1
Date: 5/11/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
11.85 0
11.57 1.61
11.35 2.30
11.16 2.71
11.02 3.00
10.9 3.22
10.81 3.40
10.73 3.56
10.66 3.69
10.6 3.81
10.55 3.91
10.51 4.01
10.46 4.09
10.39 4.25
10.33 4.38
10.28 4.50
10.24 4.61
10.18 4.70
10.15 4.79
10.12 4.91
10.08 5.01
10.05 5.11
10.01 5.19
9.96 5.35
9.91 5.48
9.87 5.60
9.83 5.70
9.77 5.89
9.68 6.17
9.6 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 20.83038651 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
21.40518643
21.86822029
22.27664673
22.58287911
Recorded Time
23.23220342
23.39208612
23.64589664
OK
25.28934254
25.39026521
25.54258711
25.77321009
25.9804011
25.06406983
25.18891491
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
23.53013546
23.73898239
Cumulative Time (s)
5
10
15
20
2522.84906319
23.05100455
165
180
24.16322347
24.37870921
24.5236444
24.59650068
24.66961843
24.7675186
24.93998285
23.85594204
24.0208241
24.28265591
24.84125341
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
567
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 1
Date: 5/11/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.14
k = q / 4πs = 0.279
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa-Silt Mix 9
Date: \
Tested By: AJR
29.9
Water Content (%)
o Ideal Measured Actual
13.50 13.50
13.50 20.88 18.0
0.00 7.4 4.50
0.00 364.83 882.09
0.00 598.66 364.83 882.09
10% 21% 22.3% 15.7%
91% 83% 86.4% 86.4%
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
20
100
22.2
23.4
Calculation 1 Calc 2
3.152 3.126 Page 1 of 3
1.755
21.066
Notes:
Wt Mold = wet stone/mold/ water at base
8094
1711.6
Percent Solids (%)
Wt. Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003272
1933
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
882.1
0.1524
0.003272
1933
8416.00
5600.9
2.11E-03
Initial Time, ti (s)
5600.9
2.11E-03
560.1
5.60E-04
5.99E-04
0.55
48.3%
Vol. Gas Vg (m3)
Void Ratio e
6.00
0.735
0.15
Thermal Conductivity (btu in/ft2 F)
Mass Water g
1711.6
Thermal Conductivity (btu ft /ft2 F)
Water Content (%)
Tare Number
Reading 1 cm
Reading 2 cm
Change in H
Volume of Water added cc
SET UP TESTING
8.82E-04
2.77E-04
0.548
76.1%
29.38
0.1794 0.1794
569
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa-Silt Mix 9
Date: \
Tested By: AJR Page 2 of 3
kΩ LN(t) s
12.99 0
11.87 1.61
11.47 2.30
11.3 2.71
11.19 3.00
11.11 3.22
11.05 3.40
10.99 3.56
10.97 3.69
10.93 3.81
10.9 3.91
10.87 4.01
10.84 4.09
10.79 4.25
10.72 4.38
10.68 4.50
10.65 4.61
10.62 4.70
10.6 4.79
10.56 4.91
10.54 5.01
10.51 5.11
10.48 5.19
10.43 5.35
10.4 5.48
10.37 5.60
10.33 5.70
10.29 5.89
10.2 6.17
10.15 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
480
600
180
23.25496706
23.41502939
23.48401485
23.53013546
22.78219122
22.91615503
23.34627704
23.73898239
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
23.62269163
23.66912816
23.80907742
22.98346829
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
24.06817986
24.16322347
24.25871327
24.47521794
24.59650068
23.92644213
23.9971875
22.38549069
22.51687124
22.64910071
0:06:00
0:08:00
0:10:00
0:00:00 18.63768799
22.69336794
22.84906319
23.09615339
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
20.78992602
21.61437408
21.97491759
22.21161648
Recorded Time
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
1
570
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa-Silt Mix 9
Date: \
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.74
k = q / 4πs = 3.152
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 8
Date: 5/9/17
Tested By: AJR
Water Content (%)
2% 19 Average
181.28 181.28
161.05 161.05
20.23 20.23
45.83 45.83
115.22 115.22
17.6 17.6 17.6
85.1 85.1 85.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
22.6
24.4
Calculation 1
3.032 Page 1 of 3
1.689
20.265
Notes:
6261
1500.1
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003448
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
60.7%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
29.80
0.189
Initial Time, ti (s)
5171.9
1.95E-03
908.1
9.08E-04
5.88E-04
0.767
6.00
0.745
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
572
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 8
Date: 5/9/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
13.33 0
12.04 1.61
11.55 2.30
11.33 2.71
11.2 3.00
11.08 3.22
11 3.40
10.94 3.56
10.89 3.69
10.84 3.81
10.8 3.91
10.77 4.01
10.74 4.09
10.68 4.25
10.64 4.38
10.6 4.50
10.56 4.61
10.53 4.70
10.5 4.79
10.47 4.91
10.44 5.01
10.41 5.11
10.37 5.19
10.33 5.35
10.29 5.48
10.26 5.60
10.23 5.70
10.18 5.89
10.11 6.17
10.06 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
480
600
180
23.43799856
23.62269163
23.69238625
23.76232056
22.98346829
23.14140249
23.53013546
23.97357836
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
23.83249623
23.90291493
24.06817986
23.2094652
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
24.33062589
24.40279353
24.5236444
24.69404943
24.81664551
24.16322347
24.25871327
0:06:00
0:08:00
0:10:00
23.07356646
22.4510756
0:00:00 18.02364115
22.87140263
22.627003
22.75994915
23.34627704
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
20.44910472
21.4468557
21.91083297
22.18998542
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 8
Date: 5/9/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.78
k = q / 4πs = 3.032
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 7
Date: 5/9/17
Tested By: AJR
Water Content (%)
S18 19 Average
137.99 137.99
126.40 126.40
11.59 11.59
43.99 43.99
82.41 82.41
14.1 14.1 14.1
87.7 87.7 87.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.5
23.2
Calculation 1
2.793 Page 1 of 3
1.556
18.669
Notes:
6415
1585.2
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003448
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
55.5%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
26.16
0.189
Initial Time, ti (s)
5465.4
2.06E-03
768.6
7.69E-04
6.17E-04
0.672
5.65
0.695
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 7
Date: 5/9/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
13.41 0
12.33 1.61
11.93 2.30
11.76 2.71
11.65 3.00
11.57 3.22
11.51 3.40
11.46 3.56
11.4 3.69
11.36 3.81
11.32 3.91
11.29 4.01
11.27 4.09
11.21 4.25
11.17 4.38
11.12 4.50
11.09 4.61
11.06 4.70
11.03 4.79
10.99 4.91
10.96 5.01
10.93 5.11
10.9 5.19
10.85 5.35
10.81 5.48
10.78 5.60
10.75 5.70
10.7 5.89
10.59 6.17
10.54 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
480
600
180
22.25494708
22.42919063
22.49491586
22.56085281
21.84694692
21.9963235
22.36367562
22.78219122
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
22.64910071
22.71553757
22.84906319
22.03920219
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
23.11876538
23.18675235
23.30057085
23.55323505
23.66912816
22.96100584
23.05100455
0:06:00
0:08:00
0:10:00
21.93217238
21.40518643
0:00:00 17.8815174
21.76207194
21.53044583
21.63540935
22.16837712
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
19.87999793
20.66900822
21.0134282
21.23933859
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 7
Date: 5/9/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.75
k = q / 4πs = 2.793
18
19
20
21
22
23
24
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
577
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 6
Date: 5/9/17
Tested By: AJR
Water Content (%)
S18 19 Average
137.99 137.99
125.50 125.50
12.49 12.49
43.99 43.99
81.51 81.51
15.3 15.3 15.3
86.7 86.7 86.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.4
22.9
Calculation 1
2.680 Page 1 of 3
1.493
17.913
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.189
Initial Time, ti (s)
5187.2
1.96E-03
794.8
7.95E-04
6.95E-04
0.761
53.3%
5.04
0.605
0.15
20.33
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003448
181
6163
1504.6
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
578
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 6
Date: 5/9/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
13.23 0
12.34 1.61
11.97 2.30
11.8 2.71
11.71 3.00
11.63 3.22
11.56 3.40
11.51 3.56
11.48 3.69
11.45 3.81
11.41 3.91
11.39 4.01
11.37 4.09
11.32 4.25
11.28 4.38
11.24 4.50
11.22 4.61
11.18 4.70
11.15 4.79
11.12 4.91
11.09 5.01
11.06 5.11
11.02 5.19
10.98 5.35
10.95 5.48
10.91 5.60
10.88 5.70
10.85 5.89
10.76 6.17
10.71 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 18.20253642 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
19.8606398
20.58877905
20.93187938
21.11581236
Recorded Time
21.53044583
21.59336014
21.74090757
OK
22.82674818
22.89376655
22.96100584
23.1640648
23.27775618
22.67122234
22.73773129
0:06:00
0:08:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
21.65646602
21.78325801
Cumulative Time (s)
5
10
15
20
2521.28067695
21.42601062
165
180
22.01775168
22.14679153
22.23327035
22.29836936
22.36367562
22.42919063
22.58287911
21.82569545
21.93217238
22.10368822
22.49491586
30
35
40
45
50
55
240
270
300
360
480
600
210
60
70
80
90
100
110
120
135
150
579
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 6
Date: 5/9/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.60
k = q / 4πs = 2.680
18
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20
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24
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 5
Date: 5/9/17
Tested By: AJR
Water Content (%)
S18 19 Average
154.90 154.90
144.95 144.95
9.95 9.95
49.93 49.93
95.02 95.02
10.5 10.5 10.5
90.5 90.5 90.5
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.2
22.6
Calculation 1
2.711 Page 1 of 3
1.510
18.123
Notes:
6115
1558.0
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003448
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
39.6%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
20.03
0.189
Initial Time, ti (s)
5371.5
2.03E-03
562.5
5.62E-04
8.58E-04
0.701
5.05
0.595
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
581
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 5
Date: 5/9/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
13.26 0
12.41 1.61
12.06 2.30
11.89 2.71
11.79 3.00
11.71 3.22
11.67 3.40
11.62 3.56
11.58 3.69
11.55 3.81
11.52 3.91
11.49 4.01
11.46 4.09
11.42 4.25
11.39 4.38
11.36 4.50
11.33 4.61
11.31 4.70
11.28 4.79
11.24 4.91
11.21 5.01
11.18 5.11
11.16 5.19
11.13 5.35
11.09 5.48
11.06 5.60
11.02 5.70
10.98 5.89
10.87 6.17
10.8 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
480
600
180
21.78325801
21.91083297
21.9535339
22.01775168
21.4468557
21.57236748
21.84694692
22.23327035
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
22.10368822
22.16837712
22.27664673
21.63540935
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
22.49491586
22.58287911
22.67122234
22.91615503
23.07356646
22.34188375
22.42919063
0:06:00
0:08:00
0:10:00
21.50951672
21.11581236
0:00:00 18.1487215
21.38438306
21.19808196
21.30137691
21.71976485
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
19.72561539
20.40936589
20.74954305
20.9522369
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
582
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 5
Date: 5/9/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.59
k = q / 4πs = 2.711
18
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 4b
Date: 5/8/17
Tested By: AJR
Water Content (%)
S18 19 Average
91.25 79.40
87.1 76.75
4.15 2.65
46.03 49.92
41.07 26.83
10.1 9.9 10.0
90.8 91.0 90.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
18.6
19.3
Calculation 1
3.657 Page 1 of 3
2.037
24.440
Notes:
6555
1680.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003448
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
45.9%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
12.69
0.189
Initial Time, ti (s)
5795.0
2.19E-03
579.0
5.79E-04
6.82E-04
0.577
4.05
0.470
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
584
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 4b
Date: 5/8/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
14.08 0
13.47 1.61
13.24 2.30
13.14 2.71
13.08 3.00
13.04 3.22
13.01 3.40
12.97 3.56
12.95 3.69
12.92 3.81
12.91 3.91
12.9 4.01
12.88 4.09
12.86 4.25
12.84 4.38
12.82 4.50
12.81 4.61
12.79 4.70
12.78 4.79
12.76 4.91
12.75 5.01
12.73 5.11
12.72 5.19
12.67 5.60
12.65 5.70
12.63 5.89
13.04 6.40
Temp Check = 
60
70
80
90
100
110
270
300
360
600
180
18.91397525
18.96964424
19.0068343
19.02545265
18.76619888
18.80305167
18.95107247
19.11877918
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
19.0627362
19.08140147
19.13749169
18.83996513
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
19.2312923
19.26892434
19.30662072
18.54634096
0:06:00
0:10:00
18.78461771
18.54634096
0:00:00 16.7238489
18.71103287
18.60110484
18.67433058
18.87693957
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
17.77549344
18.18458408
18.36474449
18.47352796
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:04:30
1
585
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 4b
Date: 5/8/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.28
k = q / 4πs = 3.657
18
18.2
18.4
18.6
18.8
19
19.2
19.4
19.6
19.8
20
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
586
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 4
Date: 5/8/17
Tested By: AJR
Water Content (%)
S18 19 Average
91.25 79.40
87.1 76.75
4.15 2.65
46.03 49.92
41.07 26.83
10.1 9.9 10.0
90.8 91.0 90.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
17.8
18.4
Calculation 1
3.177 Page 1 of 3
1.770
21.236
Notes:
6555
1680.9
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003448
181
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
45.9%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
9.50
0.189
Initial Time, ti (s)
5795.0
2.19E-03
579.0
5.79E-04
6.82E-04
0.577
3.52
0.405
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
587
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 4
Date: 5/8/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
14.31 0
13.82 1.61
13.63 2.30
13.55 2.71
13.5 3.00
13.47 3.22
13.44 3.40
13.42 3.56
13.4 3.69
13.38 3.81
13.37 3.91
13.36 4.01
13.35 4.09
13.32 4.25
13.31 4.38
13.29 4.50
13.28 4.61
13.26 4.70
13.25 4.79
12.24 4.91
13.22 5.01
13.21 5.11
13.2 5.19
13.17 5.48
13.15 5.60
13.14 5.70
13.12 5.89
13.04 6.40
Temp Check = 
60
70
80
90
100
110
240
270
300
360
600
180
18.05930912
18.11291483
18.1487215
18.16664579
17.93471156
17.97024235
18.09503239
18.23848334
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
20.05500705
18.22050283
18.25647798
17.98802824
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
18.34666436
18.36474449
18.40094786
18.54634096
18.31054705
0:06:00
0:10:00
17.95247013
17.77549344
0:00:00 16.33902199
17.89923522
17.82844496
17.8638131
18.04146824
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
17.16640589
17.49509579
17.63487467
17.72266206
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:04:00
0:04:30
1
588
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 4
Date: 5/8/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.24
k = q / 4πs = 3.177
17
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 3
Date: 5/8/17
Tested By: AJR
Water Content (%)
S18 19 Average
91.25 79.40
87.1 76.75
4.15 2.65
46.03 49.92
41.07 26.83
10.1 9.9 10.0
90.8 91.0 90.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
20.1
21.1
Calculation 1
1.203 Page 1 of 3
0.670
8.039
Notes:
4518
1137.4
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Thermal Conductivity (W/m°C)
0.1524
Degree of Saturation (%)
Heat Input, Q (W/m)
0.003448
205
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
19.9%
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
7.05
0.189
Initial Time, ti (s)
3921.2
1.48E-03
391.8
3.92E-04
1.58E-03
1.330
3.02
0.350
0.15
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
590
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 3
Date: 5/8/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
13.12 0
12.73 1.61
12.52 2.30
12.4 2.71
12.32 3.00
12.27 3.22
12.22 3.40
12.19 3.56
12.15 3.69
12.13 3.81
12.1 3.91
12.08 4.01
12.05 4.09
12.02 4.25
11.99 4.38
11.96 4.50
11.94 4.61
11.92 4.70
11.9 4.79
11.87 4.91
11.85 5.01
11.83 5.11
11.82 5.19
11.79 5.35
11.76 5.48
11.74 5.60
11.72 5.70
11.69 5.89
11.63 6.40
Temp Check = 
210
60
70
80
90
100
110
240
270
300
360
600
180
20.54877817
20.64892238
20.68911315
20.72938053
20.27086091
20.36970112
20.60880784
20.87092491
120
135
150
165
30
35
40
45
50
55
Per ASTM total change in temperature should be less than 10 C in 1000 s
20.78992602
20.83038651
20.89122343
20.42922602
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Cumulative Time (s)
5
10
15
20
25
OK
21.05432182
21.09529544
21.15690668
21.28067695
20.9522369
21.0134282
0:06:00
0:10:00
20.33011007
19.9965126
0:00:00 18.40094786
20.23145258
20.09409194
20.15285302
20.48891797
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
19.11877918
19.5151145
19.74485318
19.89937341
Recorded Time
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
1
591
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 3
Date: 5/8/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.47
k = q / 4πs = 1.203
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 2
Date: 5/8/17
Tested By: AJR
Water Content (%)
S18 19 Average
87.10 76.75
87.1 76.75
0.00 0.00
46.03 49.92
41.07 26.83
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
20.4
22.3
Calculation 1
0.320 Page 1 of 3
0.178
2.138
Notes:
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (btu ft /ft2 F)
0.1905
Initial Time, ti (s)
5940.0
2.24E-03
0.0
0.00E+00
1.23E-03
0.550
0.0%
2.09
0.240
0.15
3.34
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Wt. Dry Soil (g)
0.003475
181
6121
1709.4
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Vol. Dry Soil Vs (m3)
Thermal Conductivity (W/m°C)
0.1524
593
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 2
Date: 5/8/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
12.93 0
12.67 1.61
12.47 2.30
12.33 2.71
12.22 3.00
12.12 3.22
12.04 3.40
11.98 3.56
11.92 3.69
11.87 3.81
11.82 3.91
11.78 4.01
11.74 4.09
11.68 4.25
11.63 4.38
11.58 4.50
11.54 4.61
11.5 4.70
11.47 4.79
11.42 4.91
11.38 5.01
11.35 5.11
11.32 5.19
11.26 5.35
11.22 5.48
11.17 5.60
11.14 5.70
11.08 5.89
10.91 6.40
Temp Check = 
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
0:00:00 18.74779516 1
0:00:25
0:00:30
0:00:35
0:02:45
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
19.2312923
19.61054475
19.87999793
20.09409194
Recorded Time
20.56876917
20.68911315
20.89122343
OK
22.25494708
22.32011501
22.4510756
22.82674818
22.06067508
22.14679153
0:06:00
0:10:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
20.78992602
20.97261418
Cumulative Time (s)
5
10
15
20
2520.29059236
20.44910472
165
180
21.28067695
21.46772171
21.55139606
21.61437408
21.71976485
21.80446583
21.93217238
21.05432182
21.17748418
21.38438306
21.86822029
30
35
40
45
50
55
240
270
300
360
600
210
60
70
80
90
100
110
120
135
150
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 2
Date: 5/8/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.83
k = q / 4πs = 0.320
18
18.5
19
19.5
20
20.5
21
21.5
22
22.5
23
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 1
Date: 5/8/17
Tested By: AJR
Water Content (%)
S18 19 Average
87.10 76.75
87.1 76.75
0.00 0.00
46.03 49.92
41.07 26.83
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.5
24.1
Calculation 1
0.228 Page 1 of 3
0.127
1.526
Notes:
Thermal Conductivity (W/m°C)
0.1524
0.003457
181
4907
1367.2
Percent Solids (%)
Wt. Wet Soil + Mold (g)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Final Time, tf (s)
Mold Height (m)
Mold Diameter (m)
Mold Volume (m3)
Sample Dry Density (kg/m3)
Wt. Mold (g)
Voltage (V)
Current (A)
Length of Heater Wire (m)
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g)
Vol. Water  Vw (m3)
Vol. Gas Vg (m3)
Void Ratio e
Degree of Saturation (%)
Heat Input, Q (W/m)
Water Content (%)
Tare Number
Wt. Wet Soil + Tare (g)
Wt. Dry Soil + Tare (g)
Wt. Water (g)
Wt. Tare (g)
Wt. Dry Soil (g)
2.09
0.240
0.15
3.34
0.1895
Initial Time, ti (s)
4726.0
1.78E-03
0.0
0.00E+00
1.67E-03
0.938
0.0%
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 1
Date: 5/8/17
Tested By: AJR Page 2 of 3
kΩ LN(t) s
12.45 0
12.23 1.61
12.03 2.30
11.85 2.71
11.73 3.00
11.62 3.22
11.54 3.40
11.45 3.56
11.38 3.69
11.32 3.81
11.26 3.91
11.21 4.01
11.16 4.09
11.08 4.25
11.01 4.38
10.93 4.50
10.89 4.61
10.84 4.70
10.79 4.79
10.73 4.91
10.68 5.01
10.63 5.11
10.59 5.19
10.5 5.35
10.45 5.48
10.39 5.60
10.34 5.70
10.25 5.89
10.12 6.17
10.02 6.40
9.94 6.58
Temp Check = 
210
60
70
80
90
100
110
720
240
270
300
360
480
600
30
35
40
45
50
55
23.23220342
23.34627704
23.55323505
22.27664673
22.4510756
22.78219122
23.46099369
120
135
150
165
180
22.60492915
22.87140263
22.98346829
23.09615339
21.93217238
22.16837712
Cumulative Time (s)
5
10
15
20
25
0:00:40
0:01:20
0:01:40
0:01:50
0:02:00
0:02:15
0:02:30
0:03:00
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:06:00
0:08:00
0:10:00
0:12:00
23.76232056
23.87941492
OK
24.0208241
24.1394209
24.35465335
24.66961843
24.91525568
25.11391641
21.30137691
21.46772171
21.65646602
21.80446583
22.06067508
Temperature °C
0:00:05
0:00:10
0:00:15
0:00:20
20.07454061
20.46900202
20.83038651
21.07479861
Recorded Time
0:00:00 19.64883406 1
0:00:25
0:00:30
0:00:35
0:02:45
0:03:30
0:04:00
0:04:30
0:05:00
0:00:45
0:00:50
0:00:55
0:01:00
0:01:10
0:01:30
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 1
Date: 5/8/17
Tested By: AJR
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.17
k = q / 4πs = 0.228
19
20
21
22
23
24
25
1 10 100 1000
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m
pe
ra
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C)
Cumulative Time (s)
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 APPENDIX B  
RELATIVE PERMITTIVITY DATA SHEETS 
  
599
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 3
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
1.2 1.2 1.2
98.8 98.8 98.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.092
1.575
2.479
Notes:
Measured V
√ε
ε
Void Ratio e 1.18
Degree of Saturation (%) 2.8%
Sample Dry Density (kg/m3) 1240.9
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
600
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
1.2 1.2 1.2
98.8 98.8 98.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.094
1.588
2.522
Notes:
Measured V
√ε
ε
Void Ratio e 1.09
Degree of Saturation (%) 3.0%
Sample Dry Density (kg/m3) 1290.3
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
601
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Agfarm I Dry 5
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
1.2 1.2 1.2
98.8 98.8 98.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.090
1.566
2.451
Notes:
Measured V
√ε
ε
Void Ratio e 1.28
Degree of Saturation (%) 2.5%
Sample Dry Density (kg/m3) 1185.4
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
602
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 1
Date: 4/20/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
99.7 99.7 99.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.079
1.497
2.242
Notes:
Measured V
√ε
ε
Void Ratio e 0.97
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1347.1
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
603
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 2
Date: 4/20/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
99.7 99.7 99.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.080
1.501
2.252
Notes:
Measured V
√ε
ε
Void Ratio e 0.90
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1398.3
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
604
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 3
Date: 4/20/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
99.7 99.7 99.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.080
1.505
2.265
Notes:
Measured V
√ε
ε
Void Ratio e 0.81
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1465.9
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
605
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 4
Date: 4/20/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
99.7 99.7 99.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.082
1.514
2.293
Notes:
Measured V
√ε
ε
Void Ratio e 0.75
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1518.0
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
606
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 5
Date: 4/20/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.083
1.520
2.311
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.71
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1546.8
Waveform Frequency
607
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 6
Date: 4/20/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.084
1.529
2.339
Notes:
Measured V
√ε
ε
Void Ratio e 0.69
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1564.9
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
608
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 7
Date: 4/20/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.078
1.491
2.224
Notes:
Measured V
√ε
ε
Void Ratio e 0.96
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1349.6
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
609
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 8
Date: 5/4/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.081
1.508
2.275
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.80
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1472.8
Waveform Frequency
610
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 9
Date: 5/4/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.080
1.506
2.268
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.86
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1423.6
Waveform Frequency
611
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 10
Date: 5/4/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.079
1.497
2.242
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.93
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1371.5
Waveform Frequency
612
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Test 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.088
1.552
2.409
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.74
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1521.3
Waveform Frequency
613
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Test 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
-202.1 -256.7 -229.4
-97.9 -63.8 -80.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.092
1.576
2.484
Notes:
Measured V
√ε
ε
Void Ratio e -2.89
Degree of Saturation (%) 204.8%
Sample Dry Density (kg/m3) -1398.9
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
614
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Test 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
-202.1 -256.7 -229.4
-97.9 -63.8 -80.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.091
1.570
2.465
Notes:
Measured V
√ε
ε
Void Ratio e -2.98
Degree of Saturation (%) 198.8%
Sample Dry Density (kg/m3) -1337.3
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Test 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.088
1.552
2.409
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.72
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1544.0
Waveform Frequency
616
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 5
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.089
1.558
2.428
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.70
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1557.1
Waveform Frequency
617
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 6
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.09
1.564
2.447
Notes:
Measured V
√ε
ε
Void Ratio e 0.64
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1615.8
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
618
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 6b
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.091
1.572
2.472
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.64
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1615.8
Waveform Frequency
619
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 7
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.088
1.554
2.415
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.73
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1530.0
Waveform Frequency
620
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 8
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.088
1.552
2.409
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.75
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1516.1
Waveform Frequency
621
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 9
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.090
1.564
2.447
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.67
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1585.9
Waveform Frequency
622
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 10
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.092
1.578
2.490
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.57
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1692.9
Waveform Frequency
623
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 11
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.093
1.580
2.497
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.55
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1714.1
Waveform Frequency
624
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Test 12
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.091
1.572
2.472
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.61
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1650.4
Waveform Frequency
625
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 1
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.107
1.662
2.764
Notes:
Measured V
√ε
ε
Void Ratio e 0.62
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1633.6
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
626
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 2
Date: 3/23/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.112
1.691
2.860
Notes:
Measured V
√ε
ε
Void Ratio e 0.59
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1664.7
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
627
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 3
Date: 3/23/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.3 0.3 0.3
99.7 99.7 99.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.115
1.709
2.920
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.55
Degree of Saturation (%) 1.6%
Sample Dry Density (kg/m3) 1705.6
Waveform Frequency
628
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 4
Date: 3/23/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.3 0.3 0.3
99.7 99.7 99.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.117
1.720
2.957
Notes:
Measured V
√ε
ε
Void Ratio e 0.44
Degree of Saturation (%) 2.0%
Sample Dry Density (kg/m3) 1843.6
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
629
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 5
Date: 3/23/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.116
1.717
2.949
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.47
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1801.9
Waveform Frequency
630
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 6
Date: 3/24/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.111
1.685
2.841
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.59
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1671.7
Waveform Frequency
631
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 7
Date: 3/24/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.107
1.663
2.765
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.65
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1608.3
Waveform Frequency
632
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 8
Date: 3/24/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.115
1.707
2.915
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.52
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1748.1
Waveform Frequency
633
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 9
Date: 3/24/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.113
1.699
2.886
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.48
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1791.5
Waveform Frequency
634
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Test 10
Date: 3/31/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.116
1.714
2.939
Notes:
Measured V
√ε
ε
Void Ratio e 0.45
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1829.9
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
635
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 1
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.3 0.3 0.3
99.7 99.7 99.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.078
1.488
2.215
Notes:
Measured V
√ε
ε
Void Ratio e 1.41
Degree of Saturation (%) 0.6%
Sample Dry Density (kg/m3) 1120.0
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
636
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 2
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.3 0.3 0.3
99.7 99.7 99.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1068
1.663
2.765
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.98
Degree of Saturation (%) 0.8%
Sample Dry Density (kg/m3) 1367.0
Waveform Frequency
637
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 3
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.6 0.6 0.6
99.4 99.4 99.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.0900
1.564
2.447
Notes:
Measured V
√ε
ε
Void Ratio e 1.24
Degree of Saturation (%) 1.2%
Sample Dry Density (kg/m3) 1207.9
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
638
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.6 0.6 0.6
99.4 99.4 99.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.0938
1.587
2.517
Notes:
Measured V
√ε
ε
Void Ratio e 1.18
Degree of Saturation (%) 1.3%
Sample Dry Density (kg/m3) 1240.5
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
639
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 5
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.6 0.6 0.6
99.4 99.4 99.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1068
1.663
2.765
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.98
Degree of Saturation (%) 1.5%
Sample Dry Density (kg/m3) 1366.2
Waveform Frequency
640
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 6
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.6 0.6 0.6
99.4 99.4 99.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.0968
1.604
2.574
Notes:
Measured V
√ε
ε
Void Ratio e 1.34
Degree of Saturation (%) 1.1%
Sample Dry Density (kg/m3) 1156.3
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
641
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 7
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.6 0.6 0.6
99.4 99.4 99.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1005
1.626
2.645
Notes:
Measured V
√ε
ε
Void Ratio e 1.14
Degree of Saturation (%) 1.3%
Sample Dry Density (kg/m3) 1262.9
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
642
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Dry 8
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.6 0.6 0.6
99.4 99.4 99.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1038
1.646
2.708
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 1.08
Degree of Saturation (%) 1.4%
Sample Dry Density (kg/m3) 1295.2
Waveform Frequency
643
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 1A
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
9.7 9.7 9.7
91.2 91.2 91.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1003
1.625
2.641
Notes:
Measured V
√ε
ε
Void Ratio e 2.90
Degree of Saturation (%) 9.0%
Sample Dry Density (kg/m3) 693.1
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
644
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 1
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
9.7 9.7 9.7
91.2 91.2 91.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.0890
1.558
2.428
Notes:
Measured V
√ε
ε
Void Ratio e 2.90
Degree of Saturation (%) 9.0%
Sample Dry Density (kg/m3) 693.1
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
645
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 2
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
9.7 9.7 9.7
91.2 91.2 91.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.3497
2.685
7.209
Notes:
Measured V
√ε
ε
Void Ratio e 0.93
Degree of Saturation (%) 28.0%
Sample Dry Density (kg/m3) 1399.6
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
646
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 3
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
9.7 9.8 9.7
91.2 91.2 91.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2015
2.144
4.596
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 1.63
Degree of Saturation (%) 16.0%
Sample Dry Density (kg/m3) 1027.2
Waveform Frequency
647
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
20.7 20.0 20.4
82.8 82.8 82.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1893
2.089
4.365
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 2.87
Degree of Saturation (%) 19.5%
Sample Dry Density (kg/m3) 697.4
Waveform Frequency
648
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 5
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
20.7 20.0 20.4
82.8 82.8 82.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.3630
2.729
7.446
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 1.84
Degree of Saturation (%) 30.4%
Sample Dry Density (kg/m3) 949.8
Waveform Frequency
649
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 6
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
20.7 20.0 20.4
82.8 82.8 82.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.6333
3.822
14.605
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 1.04
Degree of Saturation (%) 53.8%
Sample Dry Density (kg/m3) 1321.5
Waveform Frequency
650
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 7
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
25.0 25.2 25.1
80.0 79.9 79.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2553
2.360
5.572
Notes:
Measured V
√ε
ε
Void Ratio e 2.63
Degree of Saturation (%) 25.8%
Sample Dry Density (kg/m3) 744.0
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
651
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 8
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
25.0 25.2 25.1
80.0 79.9 79.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.7058
4.195
17.594
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 1.22
Degree of Saturation (%) 55.6%
Sample Dry Density (kg/m3) 1216.2
Waveform Frequency
652
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: AgFarm Silt Sat 9
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
25.2 25.7 25.5
79.9 79.6 79.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.8145
4.808
23.122
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.82
Degree of Saturation (%) 83.4%
Sample Dry Density (kg/m3) 1480.5
Waveform Frequency
653
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack Sat 1
Date: 5/26/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.4 0.2
1.0 0.7 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.132
1.804
3.256
Notes:
7.0625
Measured V
√ε
ε
Void Ratio e 0.90
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1394.4
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
654
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack Sat 2
Date: 5/26/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.142
1.856
3.446
Notes:
Measured V
√ε
ε
Void Ratio e 0.69
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1570.5
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
655
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa sat 1
Date: 5/30/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.402
2.859
8.173
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.74
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1524.3
Waveform Frequency
656
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa sat 2a
Date: 5/30/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.2 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.316
2.574
6.623
Notes:
Measured V
√ε
ε
Void Ratio e 0.56
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1697.9
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
657
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 3
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
7.9 7.9 7.9
92.7 92.7 92.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1554
1.927
3.713
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 1.51
Degree of Saturation (%) 14.1%
Sample Dry Density (kg/m3) 1075.3
Waveform Frequency
658
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
7.9 7.9 7.9
92.7 92.7 92.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2186
2.217
4.913
Notes:
Measured V
√ε
ε
Void Ratio e 1.12
Degree of Saturation (%) 19.1%
Sample Dry Density (kg/m3) 1275.0
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
659
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 5
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
9.4 9.4 9.4
91.4 91.4 91.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2656
2.399
5.754
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.98
Degree of Saturation (%) 25.7%
Sample Dry Density (kg/m3) 1362.1
Waveform Frequency
660
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 6
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
21.8 21.8 21.8
82.1 82.1 82.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2642
2.394
5.729
Notes:
Measured V
√ε
ε
Void Ratio e 0.91
Degree of Saturation (%) 64.9%
Sample Dry Density (kg/m3) 1415.5
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
661
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 7
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
21.7 21.7 21.7
82.2 82.2 82.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2904
2.487
6.183
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 1.37
Degree of Saturation (%) 42.6%
Sample Dry Density (kg/m3) 1137.0
Waveform Frequency
662
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 8
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
89.0 95.5 92.3
52.9 51.1 52.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.4678
3.094
9.571
Notes:
Measured V
√ε
ε
Void Ratio e 2.11
Degree of Saturation (%) 118.2%
Sample Dry Density (kg/m3) 869.0
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Sat 9
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
62.3 89.3 75.8
61.6 52.8 57.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.7168
4.253
18.090
Notes:
Measured V
√ε
ε
Void Ratio e 1.60
Degree of Saturation (%) 126.2%
Sample Dry Density (kg/m3) 1039.1
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
664
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth sat 1
Date: 5/30/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.2 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.651
3.911
15.292
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.61
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1649.9
Waveform Frequency
665
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 2
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
3.4 3.5 3.4
96.7 96.6 96.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1158
1.715
2.940
Notes:
Measured V
√ε
ε
Void Ratio e 1.17
Degree of Saturation (%) 7.9%
Sample Dry Density (kg/m3) 1242.3
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
666
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 3
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
3.4 3.5 3.4
96.7 96.6 96.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1648
1.973
3.895
Notes:
Measured V
√ε
ε
Void Ratio e 0.80
Degree of Saturation (%) 11.6%
Sample Dry Density (kg/m3) 1498.0
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
667
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
3.0 3.1 3.0
97.1 97.0 97.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1765
2.030
4.121
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.64
Degree of Saturation (%) 12.8%
Sample Dry Density (kg/m3) 1648.8
Waveform Frequency
668
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 5
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
5.1 5.1 5.1
95.1 95.1 95.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1572
1.936
3.748
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 1.20
Degree of Saturation (%) 11.6%
Sample Dry Density (kg/m3) 1227.7
Waveform Frequency
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 6
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
5.1 5.1 5.1
95.1 95.1 95.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2040
2.155
4.643
Notes:
Measured V
√ε
ε
Void Ratio e 0.85
Degree of Saturation (%) 16.3%
Sample Dry Density (kg/m3) 1457.6
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
670
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 7
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
4.6 4.8 4.7
95.6 95.5 95.5
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2578
2.370
5.616
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.55
Degree of Saturation (%) 22.9%
Sample Dry Density (kg/m3) 1737.4
Waveform Frequency
671
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 8
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
11.2 11.3 11.3
89.9 89.9 89.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.3534
2.697
7.275
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.96
Degree of Saturation (%) 31.7%
Sample Dry Density (kg/m3) 1377.7
Waveform Frequency
672
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 9
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
11.2 11.3 11.3
89.9 89.9 89.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.3234
2.598
6.751
Notes:
Measured V
√ε
ε
Void Ratio e 0.90
Degree of Saturation (%) 33.9%
Sample Dry Density (kg/m3) 1423.2
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
673
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 10
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
10.9 10.9 10.9
90.2 90.2 90.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.3406
2.655
7.049
Notes:
Measured V
√ε
ε
Void Ratio e 0.56
Degree of Saturation (%) 52.3%
Sample Dry Density (kg/m3) 1728.5
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
674
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 11
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
15.6 13.1 14.3
86.5 88.4 87.5
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.7082
4.207
17.701
Notes:
Measured V
√ε
ε
Void Ratio e 0.57
Degree of Saturation (%) 68.0%
Sample Dry Density (kg/m3) 1721.0
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
675
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 12
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
13.4 13.2 13.3
88.2 88.4 88.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.4743
3.118
9.724
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.50
Degree of Saturation (%) 71.8%
Sample Dry Density (kg/m3) 1799.3
Waveform Frequency
676
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth Sat 13
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
14.7 16.0 15.3
87.2 86.2 86.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.4310
2.959
8.757
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.67
Degree of Saturation (%) 62.3%
Sample Dry Density (kg/m3) 1621.5
Waveform Frequency
677
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 1A
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
15.6 15.1 15.4
86.5 91.2 88.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1752
2.024
4.096
Notes:
Measured V
√ε
ε
Void Ratio e 2.82
Degree of Saturation (%) 12.0%
Sample Dry Density (kg/m3) 706.4
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
678
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 2
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
15.1 15.0 15.0
86.9 91.2 89.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2768
2.439
5.948
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 2.09
Degree of Saturation (%) 15.9%
Sample Dry Density (kg/m3) 875.0
Waveform Frequency
679
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 3
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
15.1 15.0 15.0
86.9 91.2 89.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.6205
3.759
14.129
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.83
Degree of Saturation (%) 39.9%
Sample Dry Density (kg/m3) 1472.5
Waveform Frequency
680
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
15.1 15.0 15.0
86.9 91.2 89.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.4688
3.097
9.594
Notes:
Measured V
√ε
ε
Void Ratio e 1.36
Degree of Saturation (%) 24.4%
Sample Dry Density (kg/m3) 1143.5
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
681
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Vicksberg Sat 5
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
27.5 27.5 27.5
78.4 91.2 84.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.8428
4.989
24.892
Notes:
Measured V
√ε
ε
Void Ratio e 0.71
Degree of Saturation (%) 68.1%
Sample Dry Density (kg/m3) 1578.6
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
682
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 1
Date: 5/24/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.2
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.921
5.603
31.399
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.85
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1430.2
Waveform Frequency
683
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 2
Date: 5/24/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.2 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.872
5.193
26.964
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.62
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1639.8
Waveform Frequency
684
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 3
Date: 5/25/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.894
5.364
28.771
Notes:
Measured V
√ε
ε
Void Ratio e 0.71
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1550.6
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
685
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 4
Date: 5/25/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.2 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.878
5.238
27.433
Notes:
Measured V
√ε
ε
Void Ratio e 0.63
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1626.1
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
686
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 5
Date: 5/25/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.879
5.249
27.553
Notes:
Measured V
√ε
ε
Void Ratio e 0.69
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1568.3
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
687
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa Wet 6
Date: 5/25/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.897
5.389
29.037
Notes:
Measured V
√ε
ε
Void Ratio e 0.79
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1481.5
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
688
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 1
Date: 5/25/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.2 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.824
4.866
23.679
Notes:
Measured V
√ε
ε
Void Ratio e 0.58
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1681.1
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
689
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 2
Date: 5/30/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.2 0.1
1.0 0.9 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.773
4.563
20.822
Notes:
Measured V
√ε
ε
Void Ratio e 0.42
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1866.6
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
690
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 3
Date: 6/28/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.2 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.762
4.502
20.270
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.53
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1733.0
Waveform Frequency
691
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 4
Date: 6/28/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.2 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.755
4.463
19.919
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.48
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1788.0
Waveform Frequency
692
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Plymouth wet 4
Date: 6/28/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.2 0.1
1.0 0.9 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.741
4.386
19.234
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.45
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1823.8
Waveform Frequency
693
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 6 Wet
Date: 5/24/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.950
5.906
34.882
Notes:
Measured V
√ε
ε
Void Ratio e 0.73
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1529.5
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
694
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 5b Wet
Date: 5/24/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.950
5.906
34.882
Notes:
Measured V
√ε
ε
Void Ratio e 0.73
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1529.5
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
695
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 5 Wet
Date: 5/23/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.954
5.952
35.427
Notes:
Measured V
√ε
ε
Void Ratio e 0.73
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1529.5
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
696
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 4 Wet
Date: 5/23/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.954
5.952
35.427
Notes:
Measured V
√ε
ε
Void Ratio e 0.77
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1496.2
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
697
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 3 Wet
Date: 5/19/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.2
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.961
6.035
36.425
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.84
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1440.9
Waveform Frequency
698
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 2 Wet
Date: 5/19/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.1
1.0 0.8 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.939
5.783
33.446
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.70
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1561.6
Waveform Frequency
699
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Filter Pack 1 Wet
Date: 5/18/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.3 0.2
1.0 0.7 0.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.974
6.194
38.368
Notes:
Measured V
√ε
ε
Void Ratio e 0.91
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1387.1
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
700
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 7
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
15.3 15.3 15.3
86.7 86.7 86.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.7150
4.244
18.008
Notes:
Measured V
√ε
ε
Void Ratio e 0.48
Degree of Saturation (%) 83.8%
Sample Dry Density (kg/m3) 1784.9
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
701
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 6
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
15.3 15.3 15.3
86.7 86.7 86.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2825
2.459
6.047
Notes:
Measured V
√ε
ε
Void Ratio e 1.15
Degree of Saturation (%) 35.4%
Sample Dry Density (kg/m3) 1233.9
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
702
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 5
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
10.6 10.6 10.6
90.4 90.4 90.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1335
1.812
3.285
Notes:
Measured V
√ε
ε
Void Ratio e 1.89
Degree of Saturation (%) 14.9%
Sample Dry Density (kg/m3) 915.5
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
703
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
5.1 5.1 5.1
95.1 95.1 95.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1658
1.978
3.914
Notes:
Measured V
√ε
ε
Void Ratio e 1.19
Degree of Saturation (%) 11.4%
Sample Dry Density (kg/m3) 1209.8
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
704
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 3
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
5.1 5.1 5.1
95.1 95.1 95.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.0790
1.497
2.242
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 2.48
Degree of Saturation (%) 5.5%
Sample Dry Density (kg/m3) 762.0
Waveform Frequency
705
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 50% silt 1
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.2 0.2 0.2
99.8 99.8 99.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.0470
1.297
1.683
Notes:
Measured V
√ε
ε
Void Ratio e 2.10
Degree of Saturation (%) 0.2%
Sample Dry Density (kg/m3) 854.9
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
706
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 6
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
11.5 11.5 11.5
89.7 89.7 89.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.5828
3.579
12.808
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.40
Degree of Saturation (%) 75.5%
Sample Dry Density (kg/m3) 1887.3
Waveform Frequency
707
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 5
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
11.5 11.5 11.5
89.7 89.7 89.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.5718
3.528
12.447
Notes:
Measured V
√ε
ε
Void Ratio e 0.43
Degree of Saturation (%) 70.9%
Sample Dry Density (kg/m3) 1852.5
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
708
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
11.5 11.5 11.5
89.7 89.7 89.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.4868
3.167
10.030
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.62
Degree of Saturation (%) 49.4%
Sample Dry Density (kg/m3) 1638.0
Waveform Frequency
709
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 3
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
7.8 7.8 7.8
92.8 92.8 92.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.3595
2.717
7.383
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.53
Degree of Saturation (%) 38.6%
Sample Dry Density (kg/m3) 1726.8
Waveform Frequency
710
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 1
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
7.8 7.8 7.8
92.8 92.8 92.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2745
2.431
5.908
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.67
Degree of Saturation (%) 30.6%
Sample Dry Density (kg/m3) 1583.2
Waveform Frequency
711
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 20% silt 1
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.1 0.1 0.1
99.9 99.9 99.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.0818
1.514
2.293
Notes:
Measured V
√ε
ε
Void Ratio e 0.78
Degree of Saturation (%) 0.3%
Sample Dry Density (kg/m3) 1490.6
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
712
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa 10% Silt 9
Date: 5/15/17
Tested By: AJR
Water Content (%) 1 2 Ave
0.1 0.2 0.2
0.9 0.8 0.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.720 0.579
4.272 3.5614
18.247 12.6835 15.465
Notes:
mid sample values
Measured V
√ε
ε
Void Ratio e 0.60
Degree of Saturation (%) 63.8%
Sample Dry Density (kg/m3) 1654.2
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 8
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
14.5 14.5 14.5
87.4 87.4 87.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.6705
4.010
16.080
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.61
Degree of Saturation (%) 62.9%
Sample Dry Density (kg/m3) 1646.9
Waveform Frequency
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 7
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
14.5 14.5 14.5
87.4 87.4 87.4
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2888
2.481
6.155
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 1.02
Degree of Saturation (%) 37.6%
Sample Dry Density (kg/m3) 1313.5
Waveform Frequency
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 6
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
11.1 11.1 11.1
90.0 90.0 90.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.3235 0.541 mid sample
2.599 3.391
6.753 11.498
Notes:
Measured V
√ε
ε
Void Ratio e 0.69
Degree of Saturation (%) 42.5%
Sample Dry Density (kg/m3) 1567.9
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 2
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
11.1 11.1 11.1
90.0 90.0 90.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2558
2.362
5.581
Notes:
Measured V
√ε
ε
Void Ratio e 1.01
Degree of Saturation (%) 28.9%
Sample Dry Density (kg/m3) 1316.8
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 2
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
7.2 7.2 7.2
93.3 93.3 93.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1718
2.007
4.030
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 1.17
Degree of Saturation (%) 16.2%
Sample Dry Density (kg/m3) 1219.7
Waveform Frequency
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 3b
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
7.2 7.2 7.2
93.3 93.3 93.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2855
2.470
6.099
Notes:
Measured V
√ε
ε
Void Ratio e 0.54
Degree of Saturation (%) 35.1%
Sample Dry Density (kg/m3) 1719.4
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 3
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
7.2 7.2 7.2
93.3 93.3 93.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2655
2.398
5.752
Notes:
Measured V
√ε
ε
Void Ratio e 0.54
Degree of Saturation (%) 35.1%
Sample Dry Density (kg/m3) 1719.4
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 2
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
7.2 7.2 7.2
93.3 93.3 93.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2655
2.398
5.752
Notes:
Measured V
√ε
ε
Void Ratio e 0.83
Degree of Saturation (%) 23.0%
Sample Dry Density (kg/m3) 1452.0
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 10% silt 1
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.0925
1.579
2.494
Notes:
Measured V
√ε
ε
Void Ratio e 0.61
Degree of Saturation (%) 0.1%
Sample Dry Density (kg/m3) 1648.1
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa-Silt Mix 9
Date: \
Tested By: AJR
Water Content (%) 1 2 Ave 5
0.1 0.2 0.2 Tare 79.48
0.9 0.8 0.9 Tota 241.24
Dry 226.38
Testing Conditions soil 146.9
water 14.86
%w 0.101157
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.728 0.627333333
4.312 3.7924
18.595 14.3826
Notes:
mid sample values
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.55
Degree of Saturation (%) 48.3%
Sample Dry Density (kg/m3) 1711.6
Waveform Frequency
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 8
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
17.6 17.6 17.6
85.1 85.1 85.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.6790
4.054
16.434
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.77
Degree of Saturation (%) 60.7%
Sample Dry Density (kg/m3) 1500.1
Waveform Frequency
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 7
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
14.1 14.1 14.1
87.7 87.7 87.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.4483
3.021
9.128
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.67
Degree of Saturation (%) 55.5%
Sample Dry Density (kg/m3) 1585.2
Waveform Frequency
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 6
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
15.3 15.3 15.3
86.7 86.7 86.7
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.4013
2.856
8.158
Notes:
Measured V
√ε
ε
Void Ratio e 0.76
Degree of Saturation (%) 53.3%
Sample Dry Density (kg/m3) 1504.6
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
726
University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 5
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
10.5 10.5 10.5
90.5 90.5 90.5
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2928
2.495
6.224
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.70
Degree of Saturation (%) 39.6%
Sample Dry Density (kg/m3) 1558.0
Waveform Frequency
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 4b
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
10.1 9.9 10.0
90.8 91.0 90.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.2993
2.517
6.335
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.58
Degree of Saturation (%) 45.9%
Sample Dry Density (kg/m3) 1680.9
Waveform Frequency
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 4
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
10.1 9.9 10.0
90.8 91.0 90.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.3933
2.830
8.006
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.58
Degree of Saturation (%) 45.9%
Sample Dry Density (kg/m3) 1680.9
Waveform Frequency
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 3
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
10.1 9.9 10.0
90.8 91.0 90.9
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.1863
2.076
4.308
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 1.33
Degree of Saturation (%) 19.9%
Sample Dry Density (kg/m3) 1137.4
Waveform Frequency
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 2
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.0930
1.582
2.503
Notes:
Measured V
√ε
ε
Void Ratio e 0.55
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1709.4
Waveform Frequency
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
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University of Massachusetts Amherst
Project: Dissertation - Bench Scale
Sample: Ottawa with 5% silt 1
Date: 1/21/16
Tested By: AJR
Water Content (%) 1 2 Ave
0.0 0.0 0.0
100.0 100.0 100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
100 MHz
0.0798
1.502
2.256
Notes:
Water Content (%)
Percent Solids (%)
Mold Diameter (m) 0.1524
Mold Volume (m3) 0.003475
Mold Height (m) 0.1905
Measured V
√ε
ε
Void Ratio e 0.94
Degree of Saturation (%) 0.0%
Sample Dry Density (kg/m3) 1367.2
Waveform Frequency
732
 APPENDIX C  
GPR DATA 
 
733
GPR Trial
Center Tim
e (ns)
Depth (inches)
Depth (m
)
Dry Density 
kg/m
^3
Antenea 
Separation (m
)
Distance 
Traveled (m
)
V (m
/ns)
c (m
/ns)
εr' 
(GPR - 500M
Hz)
Dense Dry
2.48
8.688
0.221
1492.5
0.18
0.477
0.192
0.300
2.433
Dense Sat
6.69
8.688
0.221
1492.5
0.18
0.477
0.071
0.300
17.707
Dense W
et
6.99
8.688
0.221
1492.5
0.18
0.477
0.068
0.300
19.331
Rain 1 Dry
2.18
7.188
0.183
1220
0.18
0.407
0.187
0.300
2.577
Rain 1 Sat
6.51
7.188
0.183
1220
0.18
0.407
0.063
0.300
22.985
Rain 1 W
et
6.91
7.188
0.183
1220
0.18
0.407
0.059
0.300
25.896
Rain 2 Dry
2.03
6.133
0.156
1384
0.18
0.360
0.177
0.300
2.860
Rain 2 Sat
5.7
6.133
0.156
1384
0.18
0.360
0.063
0.300
22.552
Rain 2 W
et
6.3
6.133
0.156
1384
0.18
0.360
0.057
0.300
27.550
Sum
m
ary of GPR Testing
734
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
window
M3 M4
M8 M7
Height: 9.28 in
0.24 m
Volume: 0.74 m^3
Dry Density: 1492.0 kg/m^3
Box Section %w ε kT Cone 0-3 Cone 3-6 Cone 6-8
1 24.28 22.60 1.93 41.25 45 33.75
2 24.02 20.97 2.07 35 55 41.25
3 22.86 21.06 1.86 35 27.5 28.75
4 24.43 21.44 1.96 43.75 51.25 26.25
5 24.43 19.32 2.16 77.5 48.75 38.75
6 21.40 19.21 1.76 55 53.5 36.25
7 25.66 22.13 2.02 27.5 35 20
8 20.10 20.09 2.20 46.25 46.25 30
9 21.52 20.62 1.91 50 46.25 21.25
Average 23.19 20.83 1.99 45.69 45.39 30.69
SD 1.828 1.159 0.140 14.579 8.898 7.451
M5
Right SideM1 M6
7 8 9
Left Side 4 5 6
1 2 3
M2
735
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Probe Frequency: 100 MHz
Soil Conditions: Wet
window
M3 M4
M8 M7
Box 1 Box 2 Box 3
100 MHz 100 MHz 100 MHz
0.806 0.776 0.778
4.754 4.579 4.589
22.597 20.966 21.058
Box 4 Box 5 Box 6
100 MHz 100 MHz 100 MHz
0.785 0.743 0.741
4.631 4.395 4.383
21.444 19.319 19.210
Box 7 Box 8 Box 9
100 MHz 100 MHz 100 MHz
0.797 0.759 0.769
4.704 4.483 4.540
22.129 20.094 20.615
√ε
ε
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Measured V Measured V
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency Waveform Frequency
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Right SideM1 M6
7 8 9
3
M2 M5
Left Side 4 5 6
2
Waveform Frequency
Measured V
√ε
ε
1
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University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 1
Water Content (%)
Average
23.2
81.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
25.1
26.3
Calculation 1
1.934
1.077
12.927
Notes:
Page 1 of 3
Thermal Conductivity (btu in/ft2 F)
Final Temperature, Tf (°C)
Thermal Conductivity (W/m°C)
Thermal Conductivity (btu ft /ft2 F)
Initial Time, ti (s)
Final Time, tf (s)
Initial Temperature, Ti (°C)
Degree of Saturation (%) 77.2%
Sample Dry Density (kg/m3) 1492.0
Vol. Gas Vg (m3) 7.58E-02
Void Ratio e 0.810
Wt. Water (g) 257273.0
Vol. Water  Vw (m3) 2.57E-01
1110598.9
4.11E-01
Heat Input, Q (W/m) 13.01
Mold Volume (m3) 0.744
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Percent Solids (%)
Voltage (V) 3.83
Current (A) 0.510
Length of Heater Wire (m) 0.15
Tare Number
Water Content (%)
737
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 1 Page 2 of 3
kΩ LN(t) s
11.2 0
10.58 1.61
10.29 2.30
10.16 2.71
10.06 3.00
9.99 3.22
9.94 3.40
9.9 3.56
9.87 3.69
9.85 3.81
9.83 3.91
9.81 4.01
9.79 4.09
9.75 4.25
9.73 4.38
9.7 4.50
9.68 4.61
9.66 4.70
9.65 4.79
9.62 4.91
9.6 5.01
9.58 5.11
9.56 5.19
9.53 5.35
9.51 5.48
9.49 5.60
9.46 5.70
9.43 5.89
9.37 6.17
9.35 6.40
9.31 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 26.64159055 600
0:12:00 26.74936202 720
0:08:00 26.58791317 480
0:04:30 26.26872838 270
0:06:00 26.4277073 360
0:05:00 26.34806546 300
0:03:30 26.16341623 210
0:04:00 26.21600531 240
0:02:45 26.03252585 165
0:01:50 25.8248128 110
0:02:00 25.85066273 120
0:03:00 26.08478253 180
0:02:15 25.92840773 135
0:02:30 25.9804011 150
0:01:30 25.72173647 90
0:01:40 25.77321009 100
0:01:10 25.59361341 70
35
0:01:20 25.64476681 80
0:00:55 25.44091357 55
0:01:00 25.49168735 60
0:00:45 25.33974172 45
0:00:50 25.39026521 50
0:00:40 25.28934254 40
0:00:25 24.98952721 25
0:00:30 25.11391641 30
0:00:15 24.57218629 15
0:00:20 24.81664551 20
0:00:35 25.21397565
0:00:05 23.5763609 5
0:00:10 24.25871327 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 22.18998542 1
738
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 1
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.54
k = q / 4πs = 1.934
22
23
24
25
26
27
28
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 2
Water Content (%)
Average
23.2
81.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.2
25.4
Calculation 1
2.065
1.150
13.804
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 77.2%
Vol. Water  Vw (m3) 2.57E-01
Vol. Gas Vg (m3) 7.58E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 257273.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.04
Current (A) 0.510
Length of Heater Wire (m) 0.15
Voltage (V) 3.84
Percent Solids (%)
Tare Number
Water Content (%)
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University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 2 Page 2 of 3
kΩ LN(t) s
11.36 0
10.8 1.61
10.6 2.30
10.48 2.71
10.4 3.00
10.35 3.22
10.31 3.40
10.27 3.56
10.24 3.69
10.21 3.81
10.19 3.91
10.17 4.01
10.15 4.09
10.12 4.25
10.1 4.38
10.07 4.50
10.05 4.61
10.03 4.70
10.01 4.79
9.99 4.91
9.96 5.01
9.95 5.11
9.92 5.19
9.89 5.35
9.87 5.48
9.85 5.60
9.82 5.70
9.79 5.89
9.73 6.17
9.68 6.40
9.64 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 25.77321009 600
0:12:00 25.87654515 720
0:06:00 25.49168735 360
0:08:00 25.64476681 480
0:04:30 25.33974172 270
0:05:00 25.41557374 300
0:03:30 25.23906712 210
0:04:00 25.28934254 240
0:02:45 25.08897792 165
0:03:00 25.16388484 180
0:02:15 24.98952721 135
0:02:30 25.06406983 150
0:01:50 24.89055843 110
0:02:00 24.93998285 120
0:01:30 24.79206726 90
0:01:40 24.84125341 100
0:01:10 24.66961843 70
0:01:20 24.71850975 80
0:00:55 24.54790089 55
0:01:00 24.59650068 60
0:00:45 24.45104783 45
0:00:50 24.49941678 50
0:00:35 24.30662677 35
0:00:40 24.37870921 40
0:00:25 24.11564615 25
0:00:30 24.21091234 30
0:00:15 23.80907742 15
0:00:20 23.9971875 20
0:00:05 23.07356646 5
0:00:10 23.53013546 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.84694692 1
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University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 2
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.50
k = q / 4πs = 2.065
21
21.5
22
22.5
23
23.5
24
24.5
25
25.5
26
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 3
Water Content (%)
Average
23.2
81.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.6
24.8
Calculation 1
1.857
1.034
12.413
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 77.2%
Vol. Water  Vw (m3) 2.57E-01
Vol. Gas Vg (m3) 7.58E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 257273.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.04
Current (A) 0.510
Length of Heater Wire (m) 0.15
Voltage (V) 3.84
Percent Solids (%)
Tare Number
Water Content (%)
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University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 3 Page 2 of 3
kΩ LN(t) s
11.7 0
11.13 1.61
10.9 2.30
10.78 2.71
10.7 3.00
10.64 3.22
10.59 3.40
10.56 3.56
10.53 3.69
10.5 3.81
10.48 3.91
10.45 4.01
10.43 4.09
10.4 4.25
10.36 4.38
10.34 4.50
10.31 4.61
10.29 4.70
10.27 4.79
10.24 4.91
10.22 5.01
10.2 5.11
10.18 5.19
10.14 5.35
10.11 5.48
10.09 5.60
10.07 5.70
10.03 5.89
9.97 6.17
9.92 6.40
9.89 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 25.16388484 600
0:12:00 25.23906712 720
0:06:00 24.89055843 360
0:08:00 25.03919205 480
0:04:30 24.74299945 270
0:05:00 24.79206726 300
0:03:30 24.62084412 210
0:04:00 24.69404943 240
0:02:45 24.47521794 165
0:03:00 24.5236444 180
0:02:15 24.37870921 135
0:02:30 24.42690639 150
0:01:50 24.25871327 110
0:02:00 24.30662677 120
0:01:30 24.1394209 90
0:01:40 24.21091234 100
0:01:10 23.9971875 70
0:01:20 24.09189915 80
0:00:55 23.87941492 55
0:01:00 23.92644213 60
0:00:45 23.76232056 45
0:00:50 23.80907742 50
0:00:35 23.62269163 35
0:00:40 23.69238625 40
0:00:25 23.43799856 25
0:00:30 23.55323505 30
0:00:15 23.11876538 15
0:00:20 23.30057085 20
0:00:05 22.34188375 5
0:00:10 22.84906319 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.13634943 1
744
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 3
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.56
k = q / 4πs = 1.857
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 4
Water Content (%)
Average
23.2
81.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.8
26.0
Calculation 1
1.960
1.092
13.103
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 77.2%
Vol. Water  Vw (m3) 2.57E-01
Vol. Gas Vg (m3) 7.58E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 257273.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.06
Current (A) 0.510
Length of Heater Wire (m) 0.15
Voltage (V) 3.84
Percent Solids (%)
Tare Number
Water Content (%)
746
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 4 Page 2 of 3
kΩ LN(t) s
11.12 0
10.58 1.61
10.35 2.30
10.24 2.71
10.17 3.00
10.11 3.22
10.07 3.40
10.04 3.56
10.01 3.69
9.98 3.81
9.96 3.91
9.94 4.01
9.92 4.09
9.89 4.25
9.86 4.38
9.84 4.50
9.81 4.61
9.79 4.70
9.78 4.79
9.75 4.91
9.73 5.01
9.71 5.11
9.69 5.19
9.66 5.35
9.64 5.48
9.61 5.60
9.59 5.70
9.55 5.89
9.5 6.17
9.45 6.40
9.42 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 26.37457878 600
0:12:00 26.45432264 720
0:06:00 26.11096054 360
0:08:00 26.24235006 480
0:04:30 25.95438803 270
0:05:00 26.00644702 300
0:03:30 25.8248128 210
0:04:00 25.87654515 240
0:02:45 25.69604788 165
0:03:00 25.74745718 180
0:02:15 25.59361341 135
0:02:30 25.64476681 150
0:01:50 25.49168735 110
0:02:00 25.51712145 120
0:01:30 25.36498789 90
0:01:40 25.44091357 100
0:01:10 25.23906712 70
0:01:20 25.31452662 80
0:00:55 25.11391641 55
0:01:00 25.16388484 60
0:00:45 25.01434454 45
0:00:50 25.06406983 50
0:00:35 24.86589103 35
0:00:40 24.93998285 40
0:00:25 24.69404943 25
0:00:30 24.79206726 30
0:00:15 24.37870921 15
0:00:20 24.54790089 20
0:00:05 23.5763609 5
0:00:10 24.11564615 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 22.36367562 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 4
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.53
k = q / 4πs = 1.960
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 5
Water Content (%)
Average
23.2
81.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.5
25.6
Calculation 1
2.157
1.201
14.415
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 77.2%
Vol. Water  Vw (m3) 2.57E-01
Vol. Gas Vg (m3) 7.58E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 257273.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.04
Current (A) 0.510
Length of Heater Wire (m) 0.15
Voltage (V) 3.84
Percent Solids (%)
Tare Number
Water Content (%)
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5 Page 2 of 3
kΩ LN(t) s
11.23 0
10.67 1.61
10.47 2.30
10.36 2.71
10.29 3.00
10.24 3.22
10.2 3.40
10.17 3.56
10.14 3.69
10.12 3.81
10.1 3.91
10.08 4.01
10.06 4.09
10.03 4.25
10.01 4.38
9.99 4.50
9.97 4.61
9.95 4.70
9.93 4.79
9.91 4.91
9.89 5.01
9.86 5.11
9.85 5.19
9.82 5.35
9.8 5.48
9.78 5.60
9.75 5.70
9.72 5.89
9.67 6.17
9.62 6.40
9.59 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 25.92840773 600
0:12:00 26.00644702 720
0:06:00 25.67039135 360
0:08:00 25.79899527 480
0:04:30 25.51712145 270
0:05:00 25.59361341 300
0:03:30 25.41557374 210
0:04:00 25.46628474 240
0:02:45 25.31452662 165
0:03:00 25.33974172 180
0:02:15 25.18891491 135
0:02:30 25.23906712 150
0:01:50 25.08897792 110
0:02:00 25.13888536 120
0:01:30 24.98952721 90
0:01:40 25.03919205 100
0:01:10 24.89055843 70
0:01:20 24.93998285 80
0:00:55 24.7675186 55
0:01:00 24.81664551 60
0:00:45 24.66961843 45
0:00:50 24.71850975 50
0:00:35 24.54790089 35
0:00:40 24.62084412 40
0:00:25 24.37870921 25
0:00:30 24.47521794 30
0:00:15 24.09189915 15
0:00:20 24.25871327 20
0:00:05 23.36916869 5
0:00:10 23.83249623 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 22.12522858 1
751
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.48
k = q / 4πs = 2.157
21
22
23
24
25
26
27
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
752
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 6
Water Content (%)
Average
23.2
81.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.7
25.1
Calculation 1
1.763
0.982
11.785
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 77.2%
Vol. Water  Vw (m3) 2.57E-01
Vol. Gas Vg (m3) 7.58E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 257273.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 12.91
Current (A) 0.505
Length of Heater Wire (m) 0.15
Voltage (V) 3.84
Percent Solids (%)
Tare Number
Water Content (%)
753
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6 Page 2 of 3
kΩ LN(t) s
11.62 0
11.08 1.61
10.83 2.30
10.71 2.71
10.62 3.00
10.57 3.22
10.52 3.40
10.48 3.56
10.45 3.69
10.42 3.81
10.39 3.91
10.37 4.01
10.34 4.09
10.31 4.25
10.27 4.38
10.24 4.50
10.22 4.61
10.2 4.70
10.18 4.79
10.15 4.91
10.12 5.01
10.1 5.11
10.08 5.19
10.04 5.35
10.01 5.48
9.99 5.60
9.96 5.70
9.92 5.89
9.86 6.17
9.81 6.40
9.77 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 25.44091357 600
0:12:00 25.54258711 720
0:06:00 25.16388484 360
0:08:00 25.31452662 480
0:04:30 24.98952721 270
0:05:00 25.06406983 300
0:03:30 24.86589103 210
0:04:00 24.93998285 240
0:02:45 24.71850975 165
0:03:00 24.7675186 180
0:02:15 24.59650068 135
0:02:30 24.66961843 150
0:01:50 24.47521794 110
0:02:00 24.5236444 120
0:01:30 24.37870921 90
0:01:40 24.42690639 100
0:01:10 24.21091234 70
0:01:20 24.30662677 80
0:00:55 24.06817986 55
0:01:00 24.1394209 60
0:00:45 23.94999659 45
0:00:50 24.0208241 50
0:00:35 23.80907742 35
0:00:40 23.87941492 40
0:00:25 23.59951307 25
0:00:30 23.71567098 30
0:00:15 23.27775618 15
0:00:20 23.48401485 20
0:00:05 22.4510756 5
0:00:10 23.00595553 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.30137691 1
754
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.58
k = q / 4πs = 1.763
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 7
Water Content (%)
Average
23.2
81.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.9
26.1
Calculation 1
2.017
1.123
13.480
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 77.2%
Vol. Water  Vw (m3) 2.57E-01
Vol. Gas Vg (m3) 7.58E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 257273.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 12.89
Current (A) 0.505
Length of Heater Wire (m) 0.15
Voltage (V) 3.83
Percent Solids (%)
Tare Number
Water Content (%)
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7 Page 2 of 3
kΩ LN(t) s
11.13 0
10.57 1.61
10.33 2.30
10.19 2.71
10.11 3.00
10.05 3.22
10.01 3.40
9.97 3.56
9.94 3.69
9.92 3.81
9.9 3.91
9.88 4.01
9.86 4.09
9.83 4.25
9.8 4.38
9.78 4.50
9.76 4.61
9.74 4.70
9.72 4.79
9.7 4.91
9.68 5.01
9.66 5.11
9.65 5.19
9.62 5.35
9.6 5.48
9.57 5.60
9.56 5.70
9.52 5.89
9.47 6.17
9.43 6.40
9.41 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 26.4277073 600
0:12:00 26.48097214 720
0:06:00 26.18969406 360
0:08:00 26.32158601 480
0:04:30 26.05863766 270
0:05:00 26.08478253 300
0:03:30 25.92840773 210
0:04:00 25.9804011 240
0:02:45 25.8248128 165
0:03:00 25.85066273 180
0:02:15 25.72173647 135
0:02:30 25.77321009 150
0:01:50 25.61917419 110
0:02:00 25.67039135 120
0:01:30 25.51712145 90
0:01:40 25.56808441 100
0:01:10 25.39026521 70
0:01:20 25.46628474 80
0:00:55 25.26418939 55
0:01:00 25.31452662 60
0:00:45 25.16388484 45
0:00:50 25.21397565 50
0:00:35 25.03919205 35
0:00:40 25.11391641 40
0:00:25 24.84125341 25
0:00:30 24.93998285 30
0:00:15 24.49941678 15
0:00:20 24.69404943 20
0:00:05 23.59951307 5
0:00:10 24.16322347 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 22.34188375 1
757
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.51
k = q / 4πs = 2.017
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 8
Water Content (%)
Average
23.2
81.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.2
25.2
Calculation 1
2.200
1.225
14.703
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 77.2%
Vol. Water  Vw (m3) 2.57E-01
Vol. Gas Vg (m3) 7.58E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 257273.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 12.89
Current (A) 0.505
Length of Heater Wire (m) 0.15
Voltage (V) 3.83
Percent Solids (%)
Tare Number
Water Content (%)
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8 Page 2 of 3
kΩ LN(t) s
11.3 0
10.81 1.61
10.59 2.30
10.49 2.71
10.42 3.00
10.37 3.22
10.33 3.40
10.3 3.56
10.27 3.69
10.25 3.81
10.23 3.91
10.21 4.01
10.2 4.09
10.16 4.25
10.14 4.38
10.12 4.50
10.1 4.61
10.08 4.70
10.06 4.79
10.04 4.91
10.02 5.01
10 5.11
9.99 5.19
9.96 5.35
9.93 5.48
9.91 5.60
9.89 5.70
8.86 5.89
9.8 6.17
9.76 6.40
9.73 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 25.56808441 600
0:12:00 25.64476681 720
0:06:00 28.00150451 360
0:08:00 25.46628474 480
0:04:30 25.18891491 270
0:05:00 25.23906712 300
0:03:30 25.06406983 210
0:04:00 25.13888536 240
0:02:45 24.96474 165
0:03:00 24.98952721 180
0:02:15 24.86589103 135
0:02:30 24.91525568 150
0:01:50 24.7675186 110
0:02:00 24.81664551 120
0:01:30 24.66961843 90
0:01:40 24.71850975 100
0:01:10 24.57218629 70
0:01:20 24.62084412 80
0:00:55 24.45104783 55
0:01:00 24.47521794 60
0:00:45 24.35465335 45
0:00:50 24.40279353 50
0:00:35 24.23479877 35
0:00:40 24.30662677 40
0:00:25 24.06817986 25
0:00:30 24.16322347 30
0:00:15 23.78568555 15
0:00:20 23.94999659 20
0:00:05 23.05100455 5
0:00:10 23.55323505 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.97491759 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.47
k = q / 4πs = 2.200
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 9
Water Content (%)
Average
23.2
81.2
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.8
25.1
Calculation 1
1.915
1.067
12.798
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 77.2%
Vol. Water  Vw (m3) 2.57E-01
Vol. Gas Vg (m3) 7.58E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 257273.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 12.89
Current (A) 0.505
Length of Heater Wire (m) 0.15
Voltage (V) 3.83
Percent Solids (%)
Tare Number
Water Content (%)
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9 Page 2 of 3
kΩ LN(t) s
11.57 0
11.01 1.61
10.77 2.30
10.65 2.71
10.57 3.00
10.51 3.22
10.47 3.40
10.43 3.56
10.4 3.69
10.37 3.81
10.35 3.91
10.33 4.01
10.31 4.09
10.27 4.25
10.24 4.38
10.22 4.50
10.19 4.61
10.17 4.70
10.15 4.79
10.13 4.91
10.11 5.01
10.09 5.11
10.07 5.19
10.04 5.35
10.01 5.48
9.98 5.60
9.96 5.70
9.92 5.89
9.86 6.17
9.82 6.40
9.79 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 25.41557374 600
0:12:00 25.49168735 720
0:06:00 25.16388484 360
0:08:00 25.31452662 480
0:04:30 25.01434454 270
0:05:00 25.06406983 300
0:03:30 24.86589103 210
0:04:00 24.93998285 240
0:02:45 24.74299945 165
0:03:00 24.79206726 180
0:02:15 24.64521669 135
0:02:30 24.69404943 150
0:01:50 24.54790089 110
0:02:00 24.59650068 120
0:01:30 24.42690639 90
0:01:40 24.49941678 100
0:01:10 24.30662677 70
0:01:20 24.37870921 80
0:00:55 24.16322347 55
0:01:00 24.21091234 60
0:00:45 24.06817986 45
0:00:50 24.11564615 50
0:00:35 23.92644213 35
0:00:40 23.9971875 40
0:00:25 23.73898239 25
0:00:30 23.83249623 30
0:00:15 23.41502939 15
0:00:20 23.59951307 20
0:00:05 22.60492915 5
0:00:10 23.14140249 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.40518643 1
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.54
k = q / 4πs = 1.915
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
window
M3 M4
M8 M7
Height: 9.28 in
0.24 m
Volume: 0.74 m^3
Dry Density: 1492.0 kg/m^3
Box Section %w ε kT
1 26.73 25.59 1.90
2 27.04 24.69 2.08
3 27.01 25.73 1.81
4 29.91 24.51 1.96
5 24.18 24.12 2.11
6 25.79 23.05 1.93
7 28.77 25.33 2.08
8 23.37 22.87 1.87
9 24.94 24.94 1.86
Average 26.42 24.54 1.96
SD 2.105 1.032 0.108
M5
Right SideM1 M6
7 8 9
Left Side 4 5 6
1 2 3
M2
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Probe Frequency: 100 MHz
Soil Conditions: Wet
window
M3 M4
M8 M7
Box 1 Box 2 Box 3
100 MHz 100 MHz 100 MHz
0.853 0.840 0.855
5.059 4.969 5.073
25.590 24.694 25.731
Box 4 Box 5 Box 6
100 MHz 100 MHz 100 MHz
0.837 0.831 0.813
4.951 4.911 4.801
24.515 24.115 23.048
Box 7 Box 8 Box 9
100 MHz 100 MHz 100 MHz
0.849 0.810 0.844
5.033 4.782 4.994
25.331 22.872 24.942
√ε
ε
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Measured V Measured V
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency Waveform Frequency
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Right SideM1 M6
7 8 9
3
M2 M5
Left Side 4 5 6
2
Waveform Frequency
Measured V
√ε
ε
1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 1
Water Content (%)
Average
26.4
79.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.9
25.2
Calculation 1
1.905
1.061
12.733
Notes:
Page 1 of 3
Thermal Conductivity (btu in/ft2 F)
Final Temperature, Tf (°C)
Thermal Conductivity (W/m°C)
Thermal Conductivity (btu ft /ft2 F)
Initial Time, ti (s)
Final Time, tf (s)
Initial Temperature, Ti (°C)
Degree of Saturation (%) 88.0%
Sample Dry Density (kg/m3) 1492.0
Vol. Gas Vg (m3) 4.00E-02
Void Ratio e 0.810
Wt. Water (g) 293034.1
Vol. Water  Vw (m3) 2.93E-01
1110598.9
4.11E-01
Heat Input, Q (W/m) 13.38
Mold Volume (m3) 0.744
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Percent Solids (%)
Voltage (V) 3.86
Current (A) 0.520
Length of Heater Wire (m) 0.15
Tare Number
Water Content (%)
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 1 Page 2 of 3
kΩ LN(t) s
11.66 0
11.06 1.61
10.79 2.30
10.66 2.71
10.57 3.00
10.51 3.22
10.46 3.40
10.41 3.56
10.38 3.69
10.35 3.81
10.32 3.91
10.29 4.01
10.27 4.09
10.23 4.25
10.2 4.38
10.18 4.50
10.16 4.61
10.14 4.70
10.11 4.79
10.08 4.91
10.06 5.01
10.04 5.11
10.02 5.19
9.98 5.35
9.96 5.48
9.93 5.60
9.9 5.70
9.86 5.89
9.8 6.17
9.75 6.40
9.72 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 25.59361341 600
0:12:00 25.67039135 720
0:08:00 25.46628474 480
0:04:30 25.13888536 270
0:06:00 25.31452662 360
0:05:00 25.21397565 300
0:03:30 25.01434454 210
0:04:00 25.06406983 240
0:02:45 24.86589103 165
0:01:50 24.62084412 110
0:02:00 24.69404943 120
0:03:00 24.91525568 180
0:02:15 24.7675186 135
0:02:30 24.81664551 150
0:01:30 24.5236444 90
0:01:40 24.57218629 100
0:01:10 24.40279353 70
35
0:01:20 24.47521794 80
0:00:55 24.25871327 55
0:01:00 24.30662677 60
0:00:45 24.11564615 45
0:00:50 24.18705393 50
0:00:40 24.04448819 40
0:00:25 23.73898239 25
0:00:30 23.85594204 30
0:00:15 23.39208612 15
0:00:20 23.59951307 20
0:00:35 23.97357836
0:00:05 22.49491586 5
0:00:10 23.09615339 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.21870008 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 1
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.56
k = q / 4πs = 1.905
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 2
Water Content (%)
Average
26.4
79.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
22.7
23.8
Calculation 1
2.076
1.156
13.874
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 88.0%
Vol. Water  Vw (m3) 2.93E-01
Vol. Gas Vg (m3) 4.00E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 293034.1
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.17
Current (A) 0.515
Length of Heater Wire (m) 0.15
Voltage (V) 3.84
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 2 Page 2 of 3
kΩ LN(t) s
12.11 0
11.54 1.61
11.29 2.30
11.16 2.71
11.09 3.00
11.03 3.22
10.98 3.40
10.95 3.56
10.92 3.69
10.89 3.81
10.87 3.91
10.85 4.01
10.83 4.09
10.79 4.25
10.76 4.38
10.74 4.50
10.71 4.61
10.69 4.70
10.67 4.79
10.65 4.91
10.63 5.01
10.6 5.11
10.58 5.19
10.55 5.35
10.52 5.48
10.5 5.60
10.47 5.70
10.43 5.89
10.38 6.17
10.33 6.40
10.29 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 24.16322347 600
0:12:00 24.25871327 720
0:06:00 23.92644213 360
0:08:00 24.04448819 480
0:04:30 23.76232056 270
0:05:00 23.83249623 300
0:03:30 23.64589664 210
0:04:00 23.71567098 240
0:02:45 23.53013546 165
0:03:00 23.5763609 180
0:02:15 23.41502939 135
0:02:30 23.46099369 150
0:01:50 23.32341111 110
0:02:00 23.36916869 120
0:01:30 23.2094652 90
0:01:40 23.27775618 100
0:01:10 23.09615339 70
0:01:20 23.1640648 80
0:00:55 22.96100584 55
0:01:00 23.00595553 60
0:00:45 22.87140263 45
0:00:50 22.91615503 50
0:00:35 22.73773129 35
0:00:40 22.80445754 40
0:00:25 22.56085281 25
0:00:30 22.67122234 30
0:00:15 22.27664673 15
0:00:20 22.42919063 20
0:00:05 21.46772171 5
0:00:10 21.9963235 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 20.31034207 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 2
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.50
k = q / 4πs = 2.076
20
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 3
Water Content (%)
Average
26.4
79.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
22.0
23.3
Calculation 1
1.811
1.008
12.102
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 88.0%
Vol. Water  Vw (m3) 2.93E-01
Vol. Gas Vg (m3) 4.00E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 293034.1
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.02
Current (A) 0.510
Length of Heater Wire (m) 0.15
Voltage (V) 3.83
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 3 Page 2 of 3
kΩ LN(t) s
12.62 0
11.94 1.61
11.65 2.30
11.52 2.71
11.43 3.00
11.35 3.22
11.31 3.40
11.26 3.56
11.23 3.69
11.2 3.81
11.17 3.91
11.14 4.01
11.12 4.09
11.07 4.25
11.04 4.38
11.01 4.50
10.98 4.61
10.96 4.70
10.94 4.79
10.91 4.91
10.88 5.01
10.85 5.11
10.84 5.19
10.8 5.35
10.76 5.48
10.74 5.60
10.71 5.70
10.66 5.89
10.59 6.17
10.54 6.40
10.5 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 23.66912816 600
0:12:00 23.76232056 720
0:06:00 23.39208612 360
0:08:00 23.55323505 480
0:04:30 23.2094652 270
0:05:00 23.27775618 300
0:03:30 23.07356646 210
0:04:00 23.1640648 240
0:02:45 22.96100584 165
0:03:00 22.98346829 180
0:02:15 22.82674818 135
0:02:30 22.89376655 150
0:01:50 22.71553757 110
0:02:00 22.75994915 120
0:01:30 22.60492915 90
0:01:40 22.67122234 100
0:01:10 22.47298399 70
0:01:20 22.53885021 80
0:00:55 22.32011501 55
0:01:00 22.36367562 60
0:00:45 22.18998542 45
0:00:50 22.25494708 50
0:00:35 22.06067508 35
0:00:40 22.12522858 40
0:00:25 21.86822029 25
0:00:30 21.9535339 30
0:00:15 21.50951672 15
0:00:20 21.69864371 20
0:00:05 20.64892238 5
0:00:10 21.23933859 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.32549313 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 3
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.57
k = q / 4πs = 1.811
20
20.5
21
21.5
22
22.5
23
23.5
24
24.5
25
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
775
University of Massachusetts Amherst
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Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 4
Water Content (%)
Average
26.4
79.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.1
25.4
Calculation 1
1.956
1.090
13.077
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 88.0%
Vol. Water  Vw (m3) 2.93E-01
Vol. Gas Vg (m3) 4.00E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 293034.1
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.80
Current (A) 0.520
Length of Heater Wire (m) 0.15
Voltage (V) 3.98
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 4 Page 2 of 3
kΩ LN(t) s
11.5 0
10.92 1.61
10.67 2.30
10.54 2.71
10.46 3.00
10.4 3.22
10.36 3.40
10.32 3.56
10.29 3.69
10.26 3.81
10.23 3.91
10.21 4.01
10.19 4.09
10.15 4.25
10.12 4.38
10.1 4.50
10.07 4.61
10.05 4.70
10.03 4.79
10 4.91
9.98 5.01
9.96 5.11
9.93 5.19
9.9 5.35
9.87 5.48
9.84 5.60
9.82 5.70
9.78 5.89
9.71 6.17
9.67 6.40
9.63 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 25.79899527 600
0:12:00 25.90246013 720
0:06:00 25.51712145 360
0:08:00 25.69604788 480
0:04:30 25.36498789 270
0:05:00 25.41557374 300
0:03:30 25.21397565 210
0:04:00 25.28934254 240
0:02:45 25.06406983 165
0:03:00 25.13888536 180
0:02:15 24.96474 135
0:02:30 25.01434454 150
0:01:50 24.84125341 110
0:02:00 24.89055843 120
0:01:30 24.71850975 90
0:01:40 24.79206726 100
0:01:10 24.59650068 70
0:01:20 24.66961843 80
0:00:55 24.45104783 55
0:01:00 24.49941678 60
0:00:45 24.33062589 45
0:00:50 24.40279353 50
0:00:35 24.18705393 35
0:00:40 24.25871327 40
0:00:25 23.9971875 25
0:00:30 24.09189915 30
0:00:15 23.66912816 15
0:00:20 23.85594204 20
0:00:05 22.80445754 5
0:00:10 23.36916869 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.55139606 1
777
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 4
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.56
k = q / 4πs = 1.956
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 5
Water Content (%)
Average
26.4
79.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.0
25.2
Calculation 1
2.106
1.173
14.076
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 88.0%
Vol. Water  Vw (m3) 2.93E-01
Vol. Gas Vg (m3) 4.00E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 293034.1
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.91
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 3.98
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 5 Page 2 of 3
kΩ LN(t) s
11.69 0
11.03 1.61
10.75 2.30
10.61 2.71
10.52 3.00
10.46 3.22
10.41 3.40
10.37 3.56
10.34 3.69
10.31 3.81
10.28 3.91
10.26 4.01
10.24 4.09
10.21 4.25
10.18 4.38
10.15 4.50
10.13 4.61
10.11 4.70
10.09 4.79
10.07 4.91
10.04 5.01
10.02 5.11
10 5.19
9.97 5.35
9.94 5.48
9.91 5.60
9.89 5.70
9.85 5.89
9.79 6.17
9.75 6.40
9.71 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 25.59361341 600
0:12:00 25.69604788 720
0:06:00 25.33974172 360
0:08:00 25.49168735 480
0:04:30 25.18891491 270
0:05:00 25.23906712 300
0:03:30 25.03919205 210
0:04:00 25.11391641 240
0:02:45 24.91525568 165
0:03:00 24.96474 180
0:02:15 24.79206726 135
0:02:30 24.86589103 150
0:01:50 24.69404943 110
0:02:00 24.74299945 120
0:01:30 24.59650068 90
0:01:40 24.64521669 100
0:01:10 24.45104783 70
0:01:20 24.5236444 80
0:00:55 24.33062589 55
0:01:00 24.37870921 60
0:00:45 24.21091234 45
0:00:50 24.28265591 50
0:00:35 24.06817986 35
0:00:40 24.1394209 40
0:00:25 23.85594204 25
0:00:30 23.97357836 30
0:00:15 23.50706208 15
0:00:20 23.71567098 20
0:00:05 22.56085281 5
0:00:10 23.18675235 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.15690668 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 5
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.53
k = q / 4πs = 2.106
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Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 6
Water Content (%)
Average
26.4
79.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.4
25.8
Calculation 1
1.932
1.076
12.914
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 88.0%
Vol. Water  Vw (m3) 2.93E-01
Vol. Gas Vg (m3) 4.00E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 293034.1
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 14.12
Current (A) 0.530
Length of Heater Wire (m) 0.15
Voltage (V) 4.00
Percent Solids (%)
Tare Number
Water Content (%)
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6 Page 2 of 3
kΩ LN(t) s
11.63 0
10.91 1.61
10.63 2.30
10.46 2.71
10.35 3.00
10.28 3.22
10.23 3.40
10.18 3.56
10.15 3.69
10.11 3.81
10.09 3.91
10.07 4.01
10.05 4.09
10.01 4.25
9.98 4.38
9.95 4.50
9.93 4.61
9.9 4.70
9.88 4.79
9.86 4.91
9.84 5.01
9.81 5.11
9.79 5.19
9.76 5.35
9.73 5.48
9.71 5.60
9.68 5.70
9.64 5.89
9.58 6.17
9.54 6.40
9.51 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 26.13717174 600
0:12:00 26.21600531 720
0:06:00 25.87654515 360
0:08:00 26.03252585 480
0:04:30 25.69604788 270
0:05:00 25.77321009 300
0:03:30 25.56808441 210
0:04:00 25.64476681 240
0:02:45 25.44091357 165
0:03:00 25.49168735 180
0:02:15 25.31452662 135
0:02:30 25.36498789 150
0:01:50 25.21397565 110
0:02:00 25.26418939 120
0:01:30 25.08897792 90
0:01:40 25.13888536 100
0:01:10 24.93998285 70
0:01:20 25.01434454 80
0:00:55 24.79206726 55
0:01:00 24.84125341 60
0:00:45 24.69404943 45
0:00:50 24.74299945 50
0:00:35 24.5236444 35
0:00:40 24.59650068 40
0:00:25 24.28265591 25
0:00:30 24.40279353 30
0:00:15 23.85594204 15
0:00:20 24.11564615 20
0:00:05 22.82674818 5
0:00:10 23.46099369 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.28067695 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.58
k = q / 4πs = 1.932
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 7
Water Content (%)
Average
26.4
79.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.3
25.5
Calculation 1
2.082
1.160
13.915
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 88.0%
Vol. Water  Vw (m3) 2.93E-01
Vol. Gas Vg (m3) 4.00E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 293034.1
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 14.06
Current (A) 0.530
Length of Heater Wire (m) 0.15
Voltage (V) 3.98
Percent Solids (%)
Tare Number
Water Content (%)
785
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 7 Page 2 of 3
kΩ LN(t) s
11.38 0
10.98 1.61
10.57 2.30
10.45 2.71
10.38 3.00
10.32 3.22
10.28 3.40
10.24 3.56
10.21 3.69
10.19 3.81
10.16 3.91
10.14 4.01
10.12 4.09
10.09 4.25
10.06 4.38
10.03 4.50
10.01 4.61
9.98 4.70
9.97 4.79
9.95 4.91
9.92 5.01
9.91 5.11
9.89 5.19
9.86 5.35
9.83 5.48
9.81 5.60
9.78 5.70
9.75 5.89
9.69 6.17
9.64 6.40
9.61 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 25.87654515 600
0:12:00 25.95438803 720
0:06:00 25.59361341 360
0:08:00 25.74745718 480
0:04:30 25.44091357 270
0:05:00 25.51712145 300
0:03:30 25.31452662 210
0:04:00 25.39026521 240
0:02:45 25.18891491 165
0:03:00 25.23906712 180
0:02:15 25.08897792 135
0:02:30 25.16388484 150
0:01:50 25.01434454 110
0:02:00 25.03919205 120
0:01:30 24.89055843 90
0:01:40 24.93998285 100
0:01:10 24.74299945 70
0:01:20 24.81664551 80
0:00:55 24.62084412 55
0:01:00 24.66961843 60
0:00:45 24.49941678 45
0:00:50 24.57218629 50
0:00:35 24.37870921 35
0:00:40 24.45104783 40
0:00:25 24.18705393 25
0:00:30 24.28265591 30
0:00:15 23.87941492 15
0:00:20 24.04448819 20
0:00:05 22.67122234 5
0:00:10 23.59951307 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.80446583 1
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 7
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.54
k = q / 4πs = 2.082
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Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 8
Water Content (%)
Average
26.4
79.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.3
25.6
Calculation 1
1.871
1.042
12.504
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 88.0%
Vol. Water  Vw (m3) 2.93E-01
Vol. Gas Vg (m3) 4.00E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 293034.1
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 14.05
Current (A) 0.530
Length of Heater Wire (m) 0.15
Voltage (V) 3.98
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8 Page 2 of 3
kΩ LN(t) s
11.43 0
10.83 1.61
10.61 2.30
10.48 2.71
10.39 3.00
10.33 3.22
10.28 3.40
10.24 3.56
10.21 3.69
10.18 3.81
10.15 3.91
10.13 4.01
10.11 4.09
10.07 4.25
10.04 4.38
10.01 4.50
9.98 4.61
9.96 4.70
9.94 4.79
9.91 4.91
9.89 5.01
9.86 5.11
9.84 5.19
9.81 5.35
9.78 5.48
9.75 5.60
9.73 5.70
9.69 5.89
9.62 6.17
9.57 6.40
9.53 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 26.05863766 600
0:12:00 26.16341623 720
0:06:00 25.74745718 360
0:08:00 25.92840773 480
0:04:30 25.59361341 270
0:05:00 25.64476681 300
0:03:30 25.44091357 210
0:04:00 25.51712145 240
0:02:45 25.31452662 165
0:03:00 25.36498789 180
0:02:15 25.18891491 135
0:02:30 25.23906712 150
0:01:50 25.06406983 110
0:02:00 25.11391641 120
0:01:30 24.93998285 90
0:01:40 25.01434454 100
0:01:10 24.79206726 70
0:01:20 24.86589103 80
0:00:55 24.64521669 55
0:01:00 24.69404943 60
0:00:45 24.5236444 45
0:00:50 24.59650068 50
0:00:35 24.37870921 35
0:00:40 24.45104783 40
0:00:25 24.16322347 25
0:00:30 24.28265591 30
0:00:15 23.80907742 15
0:00:20 24.0208241 20
0:00:05 23.00595553 5
0:00:10 23.50706208 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.69864371 1
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.60
k = q / 4πs = 1.871
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Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 9
Water Content (%)
Average
26.4
79.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
24.4
25.7
Calculation 1
1.864
1.038
12.460
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 88.0%
Vol. Water  Vw (m3) 2.93E-01
Vol. Gas Vg (m3) 4.00E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 293034.1
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 14.08
Current (A) 0.530
Length of Heater Wire (m) 0.15
Voltage (V) 3.99
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9 Page 2 of 3
kΩ LN(t) s
11.52 0
10.86 1.61
10.61 2.30
10.46 2.71
10.37 3.00
10.3 3.22
10.24 3.40
10.2 3.56
10.16 3.69
10.13 3.81
10.1 3.91
10.08 4.01
10.06 4.09
10.02 4.25
9.99 4.38
9.96 4.50
9.93 4.61
9.91 4.70
9.89 4.79
9.86 4.91
9.84 5.01
9.82 5.11
9.8 5.19
9.76 5.35
9.73 5.48
9.71 5.60
9.69 5.70
9.65 5.89
9.59 6.17
9.54 6.40
9.5 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 26.13717174 600
0:12:00 26.24235006 720
0:06:00 25.85066273 360
0:08:00 26.00644702 480
0:04:30 25.69604788 270
0:05:00 25.74745718 300
0:03:30 25.56808441 210
0:04:00 25.64476681 240
0:02:45 25.41557374 165
0:03:00 25.46628474 180
0:02:15 25.31452662 135
0:02:30 25.36498789 150
0:01:50 25.18891491 110
0:02:00 25.23906712 120
0:01:30 25.06406983 90
0:01:40 25.13888536 100
0:01:10 24.91525568 70
0:01:20 24.98952721 80
0:00:55 24.7675186 55
0:01:00 24.81664551 60
0:00:45 24.64521669 45
0:00:50 24.71850975 50
0:00:35 24.47521794 35
0:00:40 24.57218629 40
0:00:25 24.23479877 25
0:00:30 24.37870921 30
0:00:15 23.85594204 15
0:00:20 24.06817986 20
0:00:05 22.9385681 5
0:00:10 23.50706208 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.50951672 1
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.60
k = q / 4πs = 1.864
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Sample: Dense - Hand Compacted
Date: 3/5/18
window
M3 M4
M8 M7
Height: 9.28 in
0.24 m
Volume: 0.74 m^3
Dry Density: 1492.5 kg/m^3
Box Section %w ε kT
1 0.23 2.69 0.248
2 0.31 2.71 0.242
3 0.32 2.71 0.247
4 0.43 2.64 0.256
5 0.28 2.73 0.273
6 0.30 2.69 0.236
7 0.38 2.64 0.255
8 0.61 2.79 0.255
9 0.41 2.73 0.289
Average 0.36 2.70 0.256
SD 0.113 0.045 0.016
M5
Right SideM1 M6
7 8 9
Left Side 4 5 6
1 2 3
M2
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Sample: Dense - Hand Compacted
Date: 3/5/18
Probe Frequency: 100 MHz
Soil Conditions: Dry
window
M3 M4
M8 M7
Box 1 Box 2 Box 3
100 MHz 100 MHz 100 MHz
0.103 0.104 0.104
1.641 1.647 1.647
2.693 2.712 2.712
Box 4 Box 5 Box 6
100 MHz 100 MHz 100 MHz
0.100 0.105 0.103
1.625 1.651 1.641
2.642 2.725 2.693
Box 7 Box 8 Box 9
100 MHz 100 MHz 100 MHz
0.100 0.108 0.105
1.625 1.670 1.653
2.642 2.789 2.731
√ε
ε
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Measured V Measured V
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency Waveform Frequency
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Right SideM1 M6
7 8 9
3
M2 M5
Left Side 4 5 6
2
Waveform Frequency
Measured V
√ε
ε
1
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Sample: Dense - Hand Compacted
Date: 3/5/18
Box Cell: 1
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.9
29.2
Calculation 1
0.248
0.138
1.657
Notes:
Page 1 of 3
Thermal Conductivity (btu in/ft2 F)
Final Temperature, Tf (°C)
Thermal Conductivity (W/m°C)
Thermal Conductivity (btu ft /ft2 F)
Initial Time, ti (s)
Final Time, tf (s)
Initial Temperature, Ti (°C)
Degree of Saturation (%) 1.2%
Sample Dry Density (kg/m3) 1492.5
Vol. Gas Vg (m3) 3.29E-01
Void Ratio e 0.809
Wt. Water (g) 4038.3
Vol. Water  Vw (m3) 4.04E-03
1111020.9
4.11E-01
Heat Input, Q (W/m) 3.30
Mold Volume (m3) 0.744
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Percent Solids (%)
Voltage (V) 1.98
Current (A) 0.250
Length of Heater Wire (m) 0.15
Tare Number
Water Content (%)
796
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Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 1 Page 2 of 3
kΩ LN(t) s
9.97 0
9.77 1.61
9.62 2.30
9.5 2.71
9.4 3.00
9.31 3.22
9.24 3.40
9.18 3.56
9.13 3.69
9.09 3.81
9.04 3.91
9.01 4.01
8.97 4.09
8.92 4.25
8.87 4.38
8.82 4.50
8.79 4.61
8.76 4.70
8.73 4.79
8.69 4.91
8.65 5.01
8.62 5.11
8.6 5.19
8.55 5.35
8.51 5.48
8.48 5.60
8.45 5.70
8.4 5.89
8.33 6.17
8.28 6.40
8.23 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 29.731412 600
0:12:00 29.88712718 720
0:08:00 29.57677966 480
0:04:30 29.11927208 270
0:06:00 29.36209302 360
0:05:00 29.21001559 300
0:03:30 28.90898938 210
0:04:00 29.028903 240
0:02:45 28.70071637 165
0:01:50 28.29008542 110
0:02:00 28.37742199 120
0:03:00 28.76001954 180
0:02:15 28.49442448 135
0:02:30 28.61206463 150
0:01:30 28.11647069 90
0:01:40 28.20310239 100
0:01:10 27.83020784 70
35
0:01:20 27.97285935 80
0:00:55 27.5758221 55
0:01:00 27.68850619 60
0:00:45 27.35223846 45
0:00:50 27.49170077 50
0:00:40 27.24132892 40
0:00:25 26.74936202 25
0:00:30 26.9393116 30
0:00:15 26.24235006 15
0:00:20 26.50765586 20
0:00:35 27.10350925
0:00:05 25.54258711 5
0:00:10 25.92840773 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 25.03919205 1
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Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 1
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.06
k = q / 4πs = 0.248
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Sample: Dense - Hand Compacted
Date: 3/5/18
Box Cell: 2
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.6
29.0
Calculation 1
0.242
0.135
1.618
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.5
Void Ratio e 0.809
Degree of Saturation (%) 1.2%
Vol. Water  Vw (m3) 4.04E-03
Vol. Gas Vg (m3) 3.29E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 4038.3
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1111020.9
Heat Input, Q (W/m) 3.29
Current (A) 0.250
Length of Heater Wire (m) 0.15
Voltage (V) 1.98
Percent Solids (%)
Tare Number
Water Content (%)
799
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 2 Page 2 of 3
kΩ LN(t) s
10.07 0
9.9 1.61
9.73 2.30
9.61 2.71
9.51 3.00
9.42 3.22
9.35 3.40
9.29 3.56
9.24 3.69
9.19 3.81
9.15 3.91
9.11 4.01
9.08 4.09
9.02 4.25
8.97 4.38
8.92 4.50
8.88 4.61
8.85 4.70
8.82 4.79
8.78 4.91
8.74 5.01
8.71 5.11
8.68 5.19
8.63 5.35
8.59 5.48
8.56 5.60
8.52 5.70
8.47 5.89
8.39 6.17
8.32 6.40
8.28 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 29.60762002 600
0:12:00 29.731412 720
0:06:00 29.1494782 360
0:08:00 29.39263501 480
0:04:30 28.87911372 270
0:05:00 28.99886278 300
0:03:30 28.67112547 210
0:04:00 28.78973198 240
0:02:45 28.43584386 165
0:03:00 28.52377454 180
0:02:15 28.23205759 135
0:02:30 28.34827038 150
0:01:50 28.03018814 110
0:02:00 28.11647069 120
0:01:30 27.83020784 90
0:01:40 27.94425258 100
0:01:10 27.54774448 70
0:01:20 27.68850619 80
0:00:55 27.29671069 55
0:01:00 27.3800573 60
0:00:45 27.07605352 45
0:00:50 27.18609255 50
0:00:35 26.80345732 35
0:00:40 26.9393116 40
0:00:25 26.45432264 25
0:00:30 26.64159055 30
0:00:15 25.95438803 15
0:00:20 26.21600531 20
0:00:05 25.21397565 5
0:00:10 25.64476681 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 24.79206726 1
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Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 2
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.08
k = q / 4πs = 0.242
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Sample: Dense - Hand Compacted
Date: 3/5/18
Box Cell: 3
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.2
28.6
Calculation 1
0.247
0.138
1.651
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.5
Void Ratio e 0.809
Degree of Saturation (%) 1.2%
Vol. Water  Vw (m3) 4.04E-03
Vol. Gas Vg (m3) 3.29E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 4038.3
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1111020.9
Heat Input, Q (W/m) 3.29
Current (A) 0.250
Length of Heater Wire (m) 0.15
Voltage (V) 1.98
Percent Solids (%)
Tare Number
Water Content (%)
802
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Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 3 Page 2 of 3
kΩ LN(t) s
10.25 0
10.06 1.61
9.9 2.30
9.77 2.71
9.67 3.00
9.59 3.22
9.52 3.40
9.46 3.56
9.4 3.69
9.35 3.81
9.32 3.91
9.28 4.01
9.24 4.09
9.18 4.25
9.13 4.38
9.09 4.50
9.05 4.61
9.01 4.70
8.98 4.79
8.94 4.91
8.9 5.01
8.87 5.11
8.84 5.19
8.79 5.35
8.75 5.48
8.71 5.60
8.67 5.70
8.62 5.89
8.53 6.17
8.47 6.40
8.42 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 29.1494782 600
0:12:00 29.3011358 720
0:06:00 28.70071637 360
0:08:00 28.96886382 480
0:04:30 28.43584386 270
0:05:00 28.55316452 300
0:03:30 28.20310239 210
0:04:00 28.31915822 240
0:02:45 27.97285935 165
0:03:00 28.05891033 180
0:02:15 27.77341376 135
0:02:30 27.88715391 150
0:01:50 27.5758221 110
0:02:00 27.66027897 120
0:01:30 27.35223846 90
0:01:40 27.46373453 100
0:01:10 27.10350925 70
0:01:20 27.24132892 80
0:00:55 26.83055762 55
0:01:00 26.9393116 60
0:00:45 26.64159055 45
0:00:50 26.72236688 50
0:00:35 26.34806546 35
0:00:40 26.50765586 40
0:00:25 26.00644702 25
0:00:30 26.18969406 30
0:00:15 25.54258711 15
0:00:20 25.79899527 20
0:00:05 24.81664551 5
0:00:10 25.21397565 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 24.35465335 1
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Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 3
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.06
k = q / 4πs = 0.247
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Sample: Dense - Hand Compacted
Date: 3/5/18
Box Cell: 4
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.7
28.8
Calculation 1
0.256
0.143
1.710
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.5
Void Ratio e 0.809
Degree of Saturation (%) 1.2%
Vol. Water  Vw (m3) 4.04E-03
Vol. Gas Vg (m3) 3.29E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 4038.3
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1111020.9
Heat Input, Q (W/m) 3.21
Current (A) 0.245
Length of Heater Wire (m) 0.15
Voltage (V) 1.97
Percent Solids (%)
Tare Number
Water Content (%)
805
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 4 Page 2 of 3
kΩ LN(t) s
10.04 0
9.86 1.61
9.7 2.30
9.58 2.71
9.49 3.00
9.41 3.22
9.34 3.40
9.29 3.56
9.24 3.69
9.2 3.81
9.16 3.91
9.12 4.01
9.09 4.09
9.03 4.25
8.99 4.38
8.95 4.50
8.91 4.61
8.88 4.70
8.85 4.79
8.81 4.91
8.78 5.01
8.75 5.11
8.72 5.19
8.68 5.35
8.64 5.48
8.6 5.60
8.57 5.70
8.52 5.89
8.44 6.17
8.39 6.40
8.34 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 29.39263501 600
0:12:00 29.54598218 720
0:06:00 28.99886278 360
0:08:00 29.24034702 480
0:04:30 28.76001954 270
0:05:00 28.84927899 300
0:03:30 28.52377454 210
0:04:00 28.64157492 240
0:02:45 28.31915822 165
0:03:00 28.40661312 180
0:02:15 28.14530902 135
0:02:30 28.23205759 150
0:01:50 27.94425258 110
0:02:00 28.03018814 120
0:01:30 27.7450735 90
0:01:40 27.85866184 100
0:01:10 27.51970406 70
0:01:20 27.63208926 80
0:00:55 27.26900159 55
0:01:00 27.35223846 60
0:00:45 27.04863366 45
0:00:50 27.15852869 50
0:00:35 26.80345732 35
0:00:40 26.9393116 40
0:00:25 26.48097214 25
0:00:30 26.66848122 30
0:00:15 26.03252585 15
0:00:20 26.26872838 20
0:00:05 25.31452662 5
0:00:10 25.72173647 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 24.86589103 1
806
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 4
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.00
k = q / 4πs = 0.256
25
25.5
26
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27
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Cumulative Time (s)
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University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Box Cell: 5
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.6
28.8
Calculation 1
0.273
0.152
1.822
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.5
Void Ratio e 0.809
Degree of Saturation (%) 1.2%
Vol. Water  Vw (m3) 4.04E-03
Vol. Gas Vg (m3) 3.29E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 4038.3
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1111020.9
Heat Input, Q (W/m) 3.45
Current (A) 0.260
Length of Heater Wire (m) 0.15
Voltage (V) 1.99
Percent Solids (%)
Tare Number
Water Content (%)
808
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 5 Page 2 of 3
kΩ LN(t) s
10.06 0
9.87 1.61
9.71 2.30
9.61 2.71
9.51 3.00
9.43 3.22
9.37 3.40
9.3 3.56
9.26 3.69
9.22 3.81
9.18 3.91
9.14 4.01
9.11 4.09
9.05 4.25
9.01 4.38
8.96 4.50
8.93 4.61
8.89 4.70
8.86 4.79
8.82 4.91
8.79 5.01
8.76 5.11
8.73 5.19
8.68 5.35
8.64 5.48
8.6 5.60
8.57 5.70
8.51 5.89
8.43 6.17
8.37 6.40
8.32 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 29.45384618 600
0:12:00 29.60762002 720
0:06:00 29.028903 360
0:08:00 29.2707204 480
0:04:30 28.76001954 270
0:05:00 28.84927899 300
0:03:30 28.52377454 210
0:04:00 28.64157492 240
0:02:45 28.29008542 165
0:03:00 28.37742199 180
0:02:15 28.11647069 135
0:02:30 28.20310239 150
0:01:50 27.91568413 110
0:02:00 28.00150451 120
0:01:30 27.71677101 90
0:01:40 27.80179184 100
0:01:10 27.46373453 70
0:01:20 27.5758221 80
0:00:55 27.2136926 55
0:01:00 27.29671069 60
0:00:45 26.99390132 45
0:00:50 27.10350925 50
0:00:35 26.77639215 35
0:00:40 26.8848639 40
0:00:25 26.4277073 25
0:00:30 26.58791317 30
0:00:15 25.95438803 15
0:00:20 26.21600531 20
0:00:05 25.28934254 5
0:00:10 25.69604788 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 24.81664551 1
809
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 5
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.01
k = q / 4πs = 0.273
25
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Box Cell: 6
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.3
28.8
Calculation 1
0.236
0.131
1.576
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.5
Void Ratio e 0.809
Degree of Saturation (%) 1.2%
Vol. Water  Vw (m3) 4.04E-03
Vol. Gas Vg (m3) 3.29E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 4038.3
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1111020.9
Heat Input, Q (W/m) 3.43
Current (A) 0.260
Length of Heater Wire (m) 0.15
Voltage (V) 1.98
Percent Solids (%)
Tare Number
Water Content (%)
811
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 6 Page 2 of 3
kΩ LN(t) s
10.26 0
10.07 1.61
9.89 2.30
9.75 2.71
9.64 3.00
9.55 3.22
9.48 3.40
9.41 3.56
9.35 3.69
9.3 3.81
9.26 3.91
9.22 4.01
9.18 4.09
9.11 4.25
9.06 4.38
9.01 4.50
8.97 4.61
8.93 4.70
8.9 4.79
8.85 4.91
8.81 5.01
8.78 5.11
8.75 5.19
8.69 5.35
8.65 5.48
8.61 5.60
8.57 5.70
8.51 5.89
8.43 6.17
8.36 6.40
8.31 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 29.48451553 600
0:12:00 29.63850335 720
0:06:00 29.028903 360
0:08:00 29.2707204 480
0:04:30 28.7303477 270
0:05:00 28.84927899 300
0:03:30 28.49442448 210
0:04:00 28.61206463 240
0:02:45 28.23205759 165
0:03:00 28.31915822 180
0:02:15 28.03018814 135
0:02:30 28.14530902 150
0:01:50 27.80179184 110
0:02:00 27.88715391 120
0:01:30 27.5758221 90
0:01:40 27.68850619 100
0:01:10 27.29671069 70
0:01:20 27.43580525 80
0:00:55 26.99390132 55
0:01:00 27.10350925 60
0:00:45 26.77639215 45
0:00:50 26.8848639 50
0:00:35 26.48097214 35
0:00:40 26.64159055 40
0:00:25 26.11096054 25
0:00:30 26.29514034 30
0:00:15 25.59361341 15
0:00:20 25.87654515 20
0:00:05 24.79206726 5
0:00:10 25.23906712 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 24.33062589 1
812
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 6
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.16
k = q / 4πs = 0.236
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Box Cell: 7
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.0
29.3
Calculation 1
0.255
0.142
1.704
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.5
Void Ratio e 0.809
Degree of Saturation (%) 1.2%
Vol. Water  Vw (m3) 4.04E-03
Vol. Gas Vg (m3) 3.29E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 4038.3
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1111020.9
Heat Input, Q (W/m) 3.37
Current (A) 0.255
Length of Heater Wire (m) 0.15
Voltage (V) 1.99
Percent Solids (%)
Tare Number
Water Content (%)
814
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 7 Page 2 of 3
kΩ LN(t) s
9.86 0
9.75 1.61
9.55 2.30
9.45 2.71
9.37 3.00
9.29 3.22
9.22 3.40
9.16 3.56
9.11 3.69
9.07 3.81
9.03 3.91
8.99 4.01
8.96 4.09
8.9 4.25
8.85 4.38
8.81 4.50
8.77 4.61
8.74 4.70
8.71 4.79
8.68 4.91
8.64 5.01
8.61 5.11
8.58 5.19
8.53 5.35
8.49 5.48
8.45 5.60
8.42 5.70
8.36 5.89
8.29 6.17
8.22 6.40
8.17 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 29.91840112 600
0:12:00 30.07543008 720
0:06:00 29.48451553 360
0:08:00 29.70039925 480
0:04:30 29.21001559 270
0:05:00 29.3011358 300
0:03:30 28.96886382 210
0:04:00 29.08910756 240
0:02:45 28.7303477 165
0:03:00 28.81948511 180
0:02:15 28.52377454 135
0:02:30 28.64157492 150
0:01:50 28.34827038 110
0:02:00 28.43584386 120
0:01:30 28.14530902 90
0:01:40 28.26105191 100
0:01:10 27.88715391 70
0:01:20 28.03018814 80
0:00:55 27.63208926 55
0:01:00 27.71677101 60
0:00:45 27.40791287 45
0:00:50 27.51970406 50
0:00:35 27.15852869 35
0:00:40 27.29671069 40
0:00:25 26.80345732 25
0:00:30 26.99390132 30
0:00:15 26.37457878 15
0:00:20 26.58791317 20
0:00:05 25.59361341 5
0:00:10 26.11096054 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 25.31452662 1
815
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 7
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.05
k = q / 4πs = 0.255
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Box Cell: 8
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.7
29.1
Calculation 1
0.255
0.142
1.708
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.5
Void Ratio e 0.809
Degree of Saturation (%) 1.2%
Vol. Water  Vw (m3) 4.04E-03
Vol. Gas Vg (m3) 3.29E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 4038.3
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1111020.9
Heat Input, Q (W/m) 3.43
Current (A) 0.260
Length of Heater Wire (m) 0.15
Voltage (V) 1.98
Percent Solids (%)
Tare Number
Water Content (%)
817
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 8 Page 2 of 3
kΩ LN(t) s
10.03 0
9.85 1.61
9.69 2.30
9.56 2.71
9.46 3.00
9.38 3.22
9.31 3.40
9.25 3.56
9.2 3.69
9.15 3.81
9.11 3.91
9.07 4.01
9.03 4.09
8.98 4.25
8.93 4.38
8.89 4.50
8.85 4.61
8.81 4.70
8.79 4.79
8.75 4.91
8.71 5.01
8.68 5.11
8.65 5.19
8.6 5.35
8.56 5.48
8.52 5.60
8.49 5.70
8.44 5.89
8.36 6.17
8.3 6.40
8.25 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 29.66942973 600
0:12:00 29.82471047 720
0:06:00 29.24034702 360
0:08:00 29.48451553 480
0:04:30 28.99886278 270
0:05:00 29.08910756 300
0:03:30 28.76001954 210
0:04:00 28.87911372 240
0:02:45 28.52377454 165
0:03:00 28.61206463 180
0:02:15 28.31915822 135
0:02:30 28.43584386 150
0:01:50 28.14530902 110
0:02:00 28.20310239 120
0:01:30 27.91568413 90
0:01:40 28.03018814 100
0:01:10 27.66027897 70
0:01:20 27.80179184 80
0:00:55 27.40791287 55
0:01:00 27.51970406 60
0:00:45 27.18609255 45
0:00:50 27.29671069 50
0:00:35 26.91207004 35
0:00:40 27.04863366 40
0:00:25 26.56112631 25
0:00:30 26.74936202 30
0:00:15 26.08478253 15
0:00:20 26.34806546 20
0:00:05 25.33974172 5
0:00:10 25.74745718 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 24.89055843 1
818
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 8
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.07
k = q / 4πs = 0.255
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Box Cell: 9
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
26.5
28.6
Calculation 1
0.289
0.161
1.932
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.5
Void Ratio e 0.809
Degree of Saturation (%) 1.2%
Vol. Water  Vw (m3) 4.04E-03
Vol. Gas Vg (m3) 3.29E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 4038.3
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1111020.9
Heat Input, Q (W/m) 3.44
Current (A) 0.260
Length of Heater Wire (m) 0.15
Voltage (V) 1.99
Percent Solids (%)
Tare Number
Water Content (%)
820
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 9 Page 2 of 3
kΩ LN(t) s
10.12 0
9.94 1.61
9.78 2.30
9.65 2.71
9.55 3.00
9.48 3.22
9.42 3.40
9.36 3.56
9.3 3.69
9.27 3.81
9.23 3.91
9.2 4.01
9.17 4.09
9.12 4.25
9.07 4.38
9.03 4.50
9 4.61
8.96 4.70
8.94 4.79
8.9 4.91
8.87 5.01
8.84 5.11
8.81 5.19
8.77 5.35
8.73 5.48
8.69 5.60
8.66 5.70
8.61 5.89
8.53 6.17
8.47 6.40
8.43 6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 29.1494782 600
0:12:00 29.2707204 720
0:06:00 28.7303477 360
0:08:00 28.96886382 480
0:04:30 28.49442448 270
0:05:00 28.58259453 300
0:03:30 28.26105191 210
0:04:00 28.37742199 240
0:02:45 28.05891033 165
0:03:00 28.14530902 180
0:02:15 27.88715391 135
0:02:30 27.97285935 150
0:01:50 27.71677101 110
0:02:00 27.77341376 120
0:01:30 27.51970406 90
0:01:40 27.603937 100
0:01:10 27.26900159 70
0:01:20 27.40791287 80
0:00:55 27.04863366 55
0:01:00 27.13100095 60
0:00:45 26.85769312 45
0:00:50 26.96658867 50
0:00:35 26.61473456 35
0:00:40 26.77639215 40
0:00:25 26.29514034 25
0:00:30 26.45432264 30
0:00:15 25.85066273 15
0:00:20 26.11096054 20
0:00:05 25.11391641 5
0:00:10 25.51712145 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 24.66961843 1
821
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Tested By: 9
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.95
k = q / 4πs = 0.289
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
window
M3 M4
M8 M7
Height: 9.28 in
0.24 m
Volume: 0.74 m^3
Dry Density: 1352.0 kg/m^3
Box Section %w ε kT Cone 0-3
1 0.39 2.56 0.225 41.25
2 0.34 2.64 0.214 35
3 0.41 2.62 0.241 35
4 0.45 2.58 0.209 43.75
5 0.39 2.58 0.241 77.5
6 0.53 2.63 0.221 55
7 0.46 2.55 0.202 27.5
8 0.30 2.60 0.216 46.25
9 0.41 2.57 0.220 50
Average 0.41 2.59 0.221 45.69
SD 0.067 0.029 0.013 14.579
Left Side 4 5 6
1 2 3
M2 M5
Right SideM1 M6
7 8 9
823
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Probe Frequency: 100 MHz
Soil Conditions: Wet
window
M3 M4
M8 M7
Box 1 Box 2 Box 3
100 MHz 100 MHz 100 MHz
0.096 0.100 0.099
1.601 1.624 1.619
2.564 2.636 2.622
Box 4 Box 5 Box 6
100 MHz 100 MHz 100 MHz
0.097 0.097 0.100
1.607 1.606 1.621
2.583 2.579 2.626
Box 7 Box 8 Box 9
100 MHz 100 MHz 100 MHz
0.096 0.098 0.097
1.598 1.612 1.603
2.555 2.598 2.569
Waveform Frequency
Measured V
√ε
ε
1 3
M2 M5
Left Side 4 5 6
2
Right SideM1 M6
7 8 9
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency Waveform Frequency
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
√ε
ε
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Measured V Measured V
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Box Cell: 1
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.1
25.8
Calculation 1
0.225
0.125
1.503
Notes:
Page 1 of 3
Water Content (%)
Length of Heater Wire (m) 0.15
Tare Number
Percent Solids (%)
Voltage (V) 2.02
Current (A) 0.260
1006411.2
3.73E-01
Heat Input, Q (W/m) 3.50
Mold Volume (m3) 0.744
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g) 4136.5
Vol. Water  Vw (m3) 4.14E-03
Vol. Gas Vg (m3) 3.68E-01
Void Ratio e 0.997
Degree of Saturation (%) 1.1%
Sample Dry Density (kg/m3) 1352.0
Thermal Conductivity (btu ft /ft2 F)
Initial Time, ti (s)
Final Time, tf (s)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Thermal Conductivity (W/m°C)
Thermal Conductivity (btu in/ft2 F)
825
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 1 Page 2 of 3
kΩ LN(t) s
11.75 0
11.51 1.61
11.29 2.30
11.12 2.71
11 3.00
10.88 3.22
10.79 3.40
10.71 3.56
10.64 3.69
10.57 3.81
10.52 3.91
10.47 4.01
10.42 4.09
10.34 4.25
10.27 4.38
10.21 4.50
10.15 4.61
10.11 4.70
10.07 4.79
10.02 4.91
9.97 5.01
9.92 5.11
9.88 5.19
9.82 5.35
9.75 5.48
9.7 5.60
9.67 5.70
9.6 5.89
6.17
6.40
6.58
Temp Check = 
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.03386504 1
0:00:35 23.27775618
0:00:05 21.53044583 5
0:00:10 21.9963235 10
45
0:00:50 23.71567098 50
0:00:40 23.43799856 40
0:00:25 22.89376655 25
0:00:30 23.09615339 30
0:00:15 22.36367562 15
0:00:20 22.627003 20
0:01:10 24.1394209 70
35
0:01:20 24.30662677 80
0:00:55 23.83249623 55
0:01:00 23.94999659 60
0:00:45 23.59951307
0:02:00 24.79206726 120
0:03:00 25.26418939 180
0:02:15 24.91525568 135
0:02:30 25.03919205 150
0:01:30 24.45104783 90
0:01:40 24.59650068 100
0:02:45 25.16388484 165
0:01:50 24.69404943 110
0:03:30 25.41557374 210
0:04:00 25.59361341 240
0:08:00 80.66341 480
0:04:30 25.72173647 270
0:06:00 25.9804011 360
0:05:00 25.79899527 300
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
826
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 1
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.24
k = q / 4πs = 0.225
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Box Cell: 2
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.1
26.0
Calculation 1
0.214
0.119
1.427
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.03
Percent Solids (%)
Current (A) 0.260
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.52
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 4136.5
Vol. Water  Vw (m3) 4.14E-03
Vol. Gas Vg (m3) 3.68E-01
Void Ratio e 0.997
Degree of Saturation (%) 1.1%
Sample Dry Density (kg/m3) 1352.0
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
828
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 2 Page 2 of 3
kΩ LN(t) s
11.8 0
11.55 1.61
11.33 2.30
11.16 2.71
11.02 3.00
10.9 3.22
10.8 3.40
10.71 3.56
10.64 3.69
10.57 3.81
10.51 3.91
10.46 4.01
10.41 4.09
10.32 4.25
10.25 4.38
10.18 4.50
10.13 4.61
10.07 4.70
10.03 4.79
9.97 4.91
9.92 5.01
9.88 5.11
9.83 5.19
9.76 5.35
9.7 5.48
9.64 5.60
9.6 5.70
9.51 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 21.4468557 5
0:00:10 21.91083297 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 20.93187938 1
0:00:25 22.84906319 25
0:00:30 23.07356646 30
0:00:15 22.27664673 15
0:00:20 22.58287911 20
0:00:35 23.27775618 35
0:00:40 23.43799856 40
0:00:45 23.59951307 45
0:00:50 23.73898239 50
0:00:55 23.85594204 55
0:01:00 23.97357836 60
0:01:10 24.18705393 70
0:01:20 24.35465335 80
0:01:30 24.5236444 90
0:01:40 24.64521669 100
0:01:50 24.79206726 110
0:02:00 24.89055843 120
0:02:45 25.26418939 165
0:03:00 25.39026521 180
0:02:15 25.03919205 135
0:02:30 25.16388484 150
0:04:30 25.87654515 270
0:05:00 25.9804011 300
0:03:30 25.56808441 210
0:04:00 25.72173647 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 26.21600531 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
829
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 2
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.31
k = q / 4πs = 0.214
20
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Box Cell: 3
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.0
25.6
Calculation 1
0.241
0.134
1.608
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.02
Percent Solids (%)
Current (A) 0.260
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.50
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 4136.5
Vol. Water  Vw (m3) 4.14E-03
Vol. Gas Vg (m3) 3.68E-01
Void Ratio e 0.997
Degree of Saturation (%) 1.1%
Sample Dry Density (kg/m3) 1352.0
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
831
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 3 Page 2 of 3
kΩ LN(t) s
11.75 0
11.51 1.61
11.33 2.30
11.17 2.71
11.04 3.00
10.94 3.22
10.85 3.40
10.76 3.56
10.7 3.69
10.64 3.81
10.59 3.91
10.55 4.01
10.5 4.09
10.43 4.25
10.35 4.38
10.3 4.50
10.25 4.61
10.18 4.70
10.14 4.79
10.1 4.91
10.06 5.01
10.02 5.11
9.98 5.19
9.92 5.35
9.85 5.48
9.81 5.60
9.76 5.70
9.69 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 21.53044583 5
0:00:10 21.91083297 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.03386504 1
0:00:25 22.75994915 25
0:00:30 22.96100584 30
0:00:15 22.25494708 15
0:00:20 22.53885021 20
0:00:35 23.1640648 35
0:00:40 23.30057085 40
0:00:45 23.43799856 45
0:00:50 23.55323505 50
0:00:55 23.64589664 55
0:01:00 23.76232056 60
0:01:10 23.92644213 70
0:01:20 24.11564615 80
0:01:30 24.23479877 90
0:01:40 24.35465335 100
0:01:50 24.5236444 110
0:02:00 24.62084412 120
0:02:45 24.91525568 165
0:03:00 25.01434454 180
0:02:15 24.71850975 135
0:02:30 24.81664551 150
0:04:30 25.44091357 270
0:05:00 25.56808441 300
0:03:30 25.16388484 210
0:04:00 25.33974172 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 25.74745718 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
832
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 3
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.16
k = q / 4πs = 0.241
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Box Cell: 4
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.3
26.3
Calculation 1
0.209
0.117
1.400
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.02
Percent Solids (%)
Current (A) 0.260
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.50
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 4136.5
Vol. Water  Vw (m3) 4.14E-03
Vol. Gas Vg (m3) 3.68E-01
Void Ratio e 0.997
Degree of Saturation (%) 1.1%
Sample Dry Density (kg/m3) 1352.0
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
834
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 4 Page 2 of 3
kΩ LN(t) s
11.65 0
11.41 1.61
11.2 2.30
11 2.71
10.89 3.00
10.78 3.22
10.68 3.40
10.58 3.56
10.52 3.69
10.45 3.81
10.39 3.91
10.33 4.01
10.28 4.09
10.2 4.25
10.12 4.38
10.06 4.50
10.01 4.61
9.96 4.70
9.91 4.79
9.85 4.91
9.78 5.01
9.74 5.11
9.7 5.19
9.63 5.35
9.57 5.48
9.51 5.60
9.47 5.70
9.39 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 21.74090757 5
0:00:10 22.18998542 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.23933859 1
0:00:25 23.11876538 25
0:00:30 23.34627704 30
0:00:15 22.627003 15
0:00:20 22.87140263 20
0:00:35 23.5763609 35
0:00:40 23.71567098 40
0:00:45 23.87941492 45
0:00:50 24.0208241 50
0:00:55 24.16322347 55
0:01:00 24.28265591 60
0:01:10 24.47521794 70
0:01:20 24.66961843 80
0:01:30 24.81664551 90
0:01:40 24.93998285 100
0:01:50 25.06406983 110
0:02:00 25.18891491 120
0:02:45 25.61917419 165
0:03:00 25.72173647 180
0:02:15 25.33974172 135
0:02:30 25.51712145 150
0:04:30 26.21600531 270
0:05:00 26.32158601 300
0:03:30 25.90246013 210
0:04:00 26.05863766 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 26.5343739 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
835
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 4
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.33
k = q / 4πs = 0.209
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 5
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.2
25.8
Calculation 1
0.241
0.134
1.612
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.02
Percent Solids (%)
Current (A) 0.260
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.50
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 4136.5
Vol. Water  Vw (m3) 4.14E-03
Vol. Gas Vg (m3) 3.68E-01
Void Ratio e 0.997
Degree of Saturation (%) 1.1%
Sample Dry Density (kg/m3) 1352.0
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
837
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5 Page 2 of 3
kΩ LN(t) s
11.7 0
11.42 1.61
11.25 2.30
11.07 2.71
10.96 3.00
10.85 3.22
10.76 3.40
10.68 3.56
10.61 3.69
10.55 3.81
10.5 3.91
10.45 4.01
10.4 4.09
10.32 4.25
10.26 4.38
10.2 4.50
10.15 4.61
10.11 4.70
10.07 4.79
10.02 4.91
9.97 5.01
9.92 5.11
9.89 5.19
9.82 5.35
9.76 5.48
5.60
9.68 5.70
9.61 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 21.71976485 5
0:00:10 22.08217041 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.13634943 1
0:00:25 22.96100584 25
0:00:30 23.1640648 30
0:00:15 22.47298399 15
0:00:20 22.71553757 20
0:00:35 23.34627704 35
0:00:40 23.50706208 40
0:00:45 23.64589664 45
0:00:50 23.76232056 50
0:00:55 23.87941492 55
0:01:00 23.9971875 60
0:01:10 24.18705393 70
0:01:20 24.33062589 80
0:01:30 24.47521794 90
0:01:40 24.59650068 100
0:01:50 24.69404943 110
0:02:00 24.79206726 120
0:02:45 25.16388484 165
0:03:00 25.23906712 180
0:02:15 24.91525568 135
0:02:30 25.03919205 150
0:04:30 80.66341 270
0:05:00 25.77321009 300
0:03:30 25.41557374 210
0:04:00 25.56808441 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 25.95438803 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
838
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.16
k = q / 4πs = 0.241
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 6
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.2
26.0
Calculation 1
0.221
0.123
1.476
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.02
Percent Solids (%)
Current (A) 0.260
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.50
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 4136.5
Vol. Water  Vw (m3) 4.14E-03
Vol. Gas Vg (m3) 3.68E-01
Void Ratio e 0.997
Degree of Saturation (%) 1.1%
Sample Dry Density (kg/m3) 1352.0
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
840
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6 Page 2 of 3
kΩ LN(t) s
11.7 0
11.44 1.61
11.25 2.30
11.09 2.71
10.96 3.00
10.85 3.22
10.76 3.40
10.68 3.56
10.61 3.69
10.54 3.81
10.49 3.91
10.44 4.01
10.39 4.09
10.31 4.25
10.24 4.38
10.17 4.50
10.12 4.61
10.07 4.70
10.03 4.79
9.97 4.91
9.92 5.01
9.88 5.11
9.83 5.19
9.76 5.35
9.7 5.48
9.66 5.60
9.6 5.70
9.52 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 21.67754412 5
0:00:10 22.08217041 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.13634943 1
0:00:25 22.96100584 25
0:00:30 23.1640648 30
0:00:15 22.42919063 15
0:00:20 22.71553757 20
0:00:35 23.34627704 35
0:00:40 23.50706208 40
0:00:45 23.66912816 45
0:00:50 23.78568555 50
0:00:55 23.90291493 55
0:01:00 24.0208241 60
0:01:10 24.21091234 70
0:01:20 24.37870921 80
0:01:30 24.54790089 90
0:01:40 24.66961843 100
0:01:50 24.79206726 110
0:02:00 24.89055843 120
0:02:45 25.26418939 165
0:03:00 25.39026521 180
0:02:15 25.03919205 135
0:02:30 25.16388484 150
0:04:30 25.8248128 270
0:05:00 25.9804011 300
0:03:30 25.56808441 210
0:04:00 25.72173647 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 26.18969406 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
841
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.26
k = q / 4πs = 0.221
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Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 7
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.5
26.5
Calculation 1
0.202
0.113
1.352
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.02
Percent Solids (%)
Current (A) 0.260
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.50
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 4136.5
Vol. Water  Vw (m3) 4.14E-03
Vol. Gas Vg (m3) 3.68E-01
Void Ratio e 0.997
Degree of Saturation (%) 1.1%
Sample Dry Density (kg/m3) 1352.0
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
843
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7 Page 2 of 3
kΩ LN(t) s
11.61 0
11.37 1.61
11.13 2.30
10.98 2.71
10.84 3.00
10.73 3.22
10.62 3.40
10.54 3.56
10.46 3.69
10.39 3.81
10.33 3.91
10.27 4.01
10.22 4.09
10.13 4.25
10.06 4.38
9.99 4.50
9.93 4.61
9.88 4.70
9.83 4.79
9.77 4.91
9.72 5.01
9.67 5.11
9.63 5.19
9.55 5.35
9.49 5.48
9.43 5.60
9.39 5.70
9.3 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 21.82569545 5
0:00:10 22.34188375 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.32209745 1
0:00:25 23.23220342 25
0:00:30 23.48401485 30
0:00:15 22.67122234 15
0:00:20 22.98346829 20
0:00:35 23.66912816 35
0:00:40 23.85594204 40
0:00:45 24.0208241 45
0:00:50 24.16322347 50
0:00:55 24.30662677 55
0:01:00 24.42690639 60
0:01:10 24.64521669 70
0:01:20 24.81664551 80
0:01:30 24.98952721 90
0:01:40 25.13888536 100
0:01:50 25.26418939 110
0:02:00 25.39026521 120
0:02:45 25.79899527 165
0:03:00 25.90246013 180
0:02:15 25.54258711 135
0:02:30 25.67039135 150
0:04:30 26.4277073 270
0:05:00 26.5343739 300
0:03:30 26.11096054 210
0:04:00 26.26872838 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 26.77639215 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
844
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.38
k = q / 4πs = 0.202
21
22
23
24
25
26
27
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
845
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 8
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.5
26.4
Calculation 1
0.216
0.120
1.443
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.02
Percent Solids (%)
Current (A) 0.260
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.49
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 4136.5
Vol. Water  Vw (m3) 4.14E-03
Vol. Gas Vg (m3) 3.68E-01
Void Ratio e 0.997
Degree of Saturation (%) 1.1%
Sample Dry Density (kg/m3) 1352.0
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
846
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8 Page 2 of 3
kΩ LN(t) s
11.6 0
11.35 1.61
11.12 2.30
10.95 2.71
10.81 3.00
10.7 3.22
10.6 3.40
10.52 3.56
10.44 3.69
10.38 3.81
10.32 3.91
10.27 4.01
10.22 4.09
10.14 4.25
10.07 4.38
10 4.50
9.95 4.61
9.9 4.70
9.86 4.79
9.8 4.91
9.75 5.01
9.71 5.11
9.66 5.19
9.6 5.35
9.54 5.48
9.49 5.60
9.44 5.70
9.36 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 21.86822029 5
0:00:10 22.36367562 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.34283862 1
0:00:25 23.30057085 25
0:00:30 23.53013546 30
0:00:15 22.73773129 15
0:00:20 23.05100455 20
0:00:35 23.71567098 35
0:00:40 23.90291493 40
0:00:45 24.04448819 45
0:00:50 24.18705393 50
0:00:55 24.30662677 55
0:01:00 24.42690639 60
0:01:10 24.62084412 70
0:01:20 24.79206726 80
0:01:30 24.96474 90
0:01:40 25.08897792 100
0:01:50 25.21397565 110
0:02:00 25.31452662 120
0:02:45 25.69604788 165
0:03:00 25.8248128 180
0:02:15 25.46628474 135
0:02:30 25.59361341 150
0:04:30 26.26872838 270
0:05:00 26.40112603 300
0:03:30 25.9804011 210
0:04:00 26.13717174 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 26.61473456 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.29
k = q / 4πs = 0.216
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Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 9
Water Content (%)
Average
0.4
99.6
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
23.5
26.3
Calculation 1
0.220
0.122
1.468
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.02
Percent Solids (%)
Current (A) 0.260
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.49
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 4136.5
Vol. Water  Vw (m3) 4.14E-03
Vol. Gas Vg (m3) 3.68E-01
Void Ratio e 0.997
Degree of Saturation (%) 1.1%
Sample Dry Density (kg/m3) 1352.0
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
849
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9 Page 2 of 3
kΩ LN(t) s
11.61 0
11.36 1.61
11.14 2.30
10.97 2.71
10.83 3.00
10.72 3.22
10.62 3.40
10.54 3.56
10.45 3.69
10.4 3.81
10.34 3.91
10.29 4.01
10.25 4.09
10.16 4.25
10.09 4.38
10.03 4.50
9.98 4.61
9.93 4.70
9.88 4.79
9.83 4.91
9.78 5.01
9.73 5.11
9.69 5.19
9.62 5.35
9.55 5.48
9.51 5.60
9.46 5.70
9.39 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 21.84694692 5
0:00:10 22.32011501 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 21.32209745 1
0:00:25 23.25496706 25
0:00:30 23.48401485 30
0:00:15 22.69336794 15
0:00:20 23.00595553 20
0:00:35 23.66912816 35
0:00:40 23.87941492 40
0:00:45 23.9971875 45
0:00:50 24.1394209 50
0:00:55 24.25871327 55
0:01:00 24.35465335 60
0:01:10 24.57218629 70
0:01:20 24.74299945 80
0:01:30 24.89055843 90
0:01:40 25.01434454 100
0:01:50 25.13888536 110
0:02:00 25.26418939 120
0:02:45 25.64476681 165
0:03:00 25.74745718 180
0:02:15 25.39026521 135
0:02:30 25.51712145 150
0:04:30 26.21600531 270
0:05:00 26.34806546 300
0:03:30 25.92840773 210
0:04:00 26.11096054 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 26.5343739 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.27
k = q / 4πs = 0.220
21
21.5
22
22.5
23
23.5
24
24.5
25
25.5
26
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
851
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
window
M3 M4
M8 M7
Height: 9.28 in
0.24 m
Volume: 0.74 m^3
Dry Density: 1492.0 kg/m^3
Box Section %w ε kT Cone 0-3 Cone 3-6 Cone 6-8
1 29.65 24.56 1.56 41.25 45 33.75
2 28.29 25.43 1.78 35 55 41.25
3 28.50 25.13 1.94 35 27.5 28.75
4 24.45 24.32 1.86 43.75 51.25 26.25
5 28.99 24.37 1.79 77.5 48.75 38.75
6 25.25 23.20 1.80 55 53.5 36.25
7 30.05 27.39 1.53 27.5 35 20
8 29.27 25.75 1.80 46.25 46.25 30
9 28.35 25.57 1.88 50 46.25 21.25
Average 28.09 25.08 1.77 45.69 45.39 30.69
SD 1.938 1.176 0.138 14.579 8.898 7.451
M5
Right SideM1 M6
7 8 9
Left Side 4 5 6
1 2 3
M2
852
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Sample: Dense - Hand Compacted
Date: 3/5/18
Probe Frequency: 100 MHz
Soil Conditions: Wet
window
M3 M4
M8 M7
Box 1 Box 2 Box 3
100 MHz 100 MHz 100 MHz
0.838 0.851 0.846
4.956 5.043 5.013
24.564 25.434 25.127
Box 4 Box 5 Box 6
100 MHz 100 MHz 100 MHz
0.834 0.835 0.816
4.932 4.937 4.817
24.322 24.370 23.199
Box 7 Box 8 Box 9
100 MHz 100 MHz 100 MHz
0.877 0.855 0.853
5.234 5.074 5.057
27.394 25.748 25.573
√ε
ε
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Measured V Measured V
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency Waveform Frequency
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Right SideM1 M6
7 8 9
3
M2 M5
Left Side 4 5 6
2
Waveform Frequency
Measured V
√ε
ε
1
853
University of Massachusetts Amherst
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Sample: Dense - Hand Compacted
Date: 4/20/18
Box Cell: 1
Water Content (%)
Average
28.1
78.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.8
23.3
Calculation 1
1.560
0.869
10.428
Notes:
Page 1 of 3
Thermal Conductivity (btu in/ft2 F)
Final Temperature, Tf (°C)
Thermal Conductivity (W/m°C)
Sample Dry Density (kg/m3) 1492.0
Thermal Conductivity (btu ft /ft2 F)
Initial Time, ti (s)
Final Time, tf (s)
Initial Temperature, Ti (°C)
Void Ratio e 0.810
Degree of Saturation (%) 93.6%
Wt. Water (g) 311677.0
Vol. Water  Vw (m3) 3.12E-01
Vol. Gas Vg (m3) 2.14E-02
1110598.9
4.11E-01
Heat Input, Q (W/m) 12.55
Mold Volume (m3) 0.744
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Percent Solids (%)
Voltage (V) 3.77
Current (A) 0.500
Water Content (%)
Length of Heater Wire (m) 0.15
Tare Number
854
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Sample: Dense - Hand Compacted
Date: 4/20/18
Tested By: 1 Page 2 of 3
kΩ LN(t) s
12.64 0
12 1.61
11.77 2.30
11.62 2.71
11.52 3.00
11.45 3.22
11.39 3.40
11.34 3.56
11.3 3.69
11.26 3.81
11.23 3.91
11.2 4.01
11.18 4.09
11.13 4.25
11.09 4.38
11.06 4.50
11.03 4.61
11 4.70
10.97 4.79
10.94 4.91
10.91 5.01
10.88 5.11
10.86 5.19
10.81 5.35
10.78 5.48
10.74 5.60
10.71 5.70
10.66 5.89
6.17
6.40
6.58
Temp Check = 
720
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341
0:03:30 23.05100455 210
0:04:00 23.11876538 240
0:08:00 80.66341 480
0:04:30 23.2094652 270
0:06:00 23.39208612 360
0:05:00 23.27775618 300
0:02:45 22.89376655 165
0:01:50 22.627003 110
0:02:00 22.69336794 120
0:03:00 22.9385681 180
0:02:15 22.75994915 135
0:02:30 22.82674818 150
0:01:30 22.49491586 90
0:01:40 22.56085281 100
0:01:10 22.34188375 70
35
0:01:20 22.42919063 80
0:00:55 22.18998542 55
0:01:00 22.23327035 60
0:00:45 22.06067508 45
0:00:50 22.12522858 50
0:00:40 21.97491759 40
0:00:25 21.65646602 25
0:00:30 21.78325801 30
0:00:15 21.30137691 15
0:00:20 21.50951672 20
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.28776447 1
0:00:35 21.88951563
0:00:05 20.528806 5
0:00:10 20.99301126 10
855
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/20/18
Tested By: 1
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.64
k = q / 4πs = 1.560
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Sample: Dense - Hand Compacted
Date: 4/20/18
Box Cell: 2
Water Content (%)
Average
28.1
78.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.4
22.7
Calculation 1
1.785
0.994
11.930
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 93.6%
Vol. Water  Vw (m3) 3.12E-01
Vol. Gas Vg (m3) 2.14E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 311677.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 12.52
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.76
Percent Solids (%)
Tare Number
Water Content (%)
857
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Sample: Dense - Hand Compacted
Date: 4/20/18
Tested By: 2 Page 2 of 3
kΩ LN(t) s
12.72 0
12.15 1.61
11.9 2.30
11.77 2.71
11.68 3.00
11.62 3.22
11.57 3.40
11.52 3.56
11.48 3.69
11.45 3.81
11.43 3.91
11.4 4.01
11.38 4.09
11.34 4.25
11.3 4.38
11.27 4.50
11.25 4.61
11.22 4.70
11.2 4.79
11.17 4.91
11.14 5.01
11.12 5.11
11.1 5.19
11.06 5.35
11.03 5.48
10.99 5.60
10.97 5.70
10.92 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 22.80445754 360
0:08:00 80.66341 480
0:04:30 22.64910071 270
0:05:00 22.69336794 300
0:03:30 22.49491586 210
0:04:00 22.56085281 240
0:02:45 22.36367562 165
0:03:00 22.40732901 180
0:02:15 22.25494708 135
0:02:30 22.32011501 150
0:01:50 22.14679153 110
0:02:00 22.18998542 120
0:01:30 22.03920219 90
0:01:40 22.08217041 100
0:01:10 21.88951563 70
0:01:20 21.97491759 80
0:00:55 21.76207194 55
0:01:00 21.80446583 60
0:00:45 21.65646602 45
0:00:50 21.69864371 50
0:00:35 21.50951672 35
0:00:40 21.59336014 40
0:00:25 21.30137691 25
0:00:30 21.40518643 30
0:00:15 20.99301126 15
0:00:20 21.17748418 20
0:00:05 20.23145258 5
0:00:10 20.72938053 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.13749169 1
858
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Sample: Dense - Hand Compacted
Date: 4/20/18
Tested By: 2
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.56
k = q / 4πs = 1.785
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Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 3
Water Content (%)
Average
28.1
78.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
20.1
21.3
Calculation 1
1.937
1.079
12.946
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 93.6%
Vol. Water  Vw (m3) 3.12E-01
Vol. Gas Vg (m3) 2.14E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 311677.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 12.53
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.76
Percent Solids (%)
Tare Number
Water Content (%)
860
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 3 Page 2 of 3
kΩ LN(t) s
13.43 0
12.76 1.61
12.55 2.30
12.44 2.71
12.35 3.00
12.28 3.22
12.24 3.40
12.19 3.56
12.16 3.69
12.13 3.81
12.09 3.91
12.07 4.01
12.05 4.09
12.01 4.25
11.98 4.38
11.95 4.50
11.92 4.61
11.89 4.70
11.87 4.79
11.84 4.91
11.81 5.01
11.79 5.11
11.76 5.19
5.35
11.68 5.48
11.65 5.60
11.62 5.70
11.58 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 21.38438306 360
0:08:00 80.66341 480
0:04:30 21.23933859 270
0:05:00 21.30137691 300
0:03:30 80.66341 210
0:04:00 21.17748418 240
0:02:45 20.9522369 165
0:03:00 21.0134282 180
0:02:15 20.85064595 135
0:02:30 20.91154158 150
0:01:50 20.74954305 110
0:02:00 20.78992602 120
0:01:30 20.62885561 90
0:01:40 20.68911315 100
0:01:10 20.50885261 70
0:01:20 20.56876917 80
0:00:55 20.38952427 55
0:01:00 20.42922602 60
0:00:45 20.27086091 45
0:00:50 20.3498964 50
0:00:35 20.15285302 35
0:00:40 20.21177562 40
0:00:25 19.97704972 25
0:00:30 20.05500705 30
0:00:15 19.66800399 15
0:00:20 19.84129899 20
0:00:05 19.0627362 5
0:00:10 19.45805571 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 17.8461223 1
861
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 3
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.51
k = q / 4πs = 1.937
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Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 4
Water Content (%)
Average
28.1
78.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.7
23.0
Calculation 1
1.863
1.038
12.451
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 93.6%
Vol. Water  Vw (m3) 3.12E-01
Vol. Gas Vg (m3) 2.14E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 311677.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 12.58
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.78
Percent Solids (%)
Tare Number
Water Content (%)
863
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 4 Page 2 of 3
kΩ LN(t) s
12.53 0
11.94 1.61
11.72 2.30
11.6 2.71
11.52 3.00
11.46 3.22
11.42 3.40
11.38 3.56
11.34 3.69
11.31 3.81
11.29 3.91
11.26 4.01
11.24 4.09
11.21 4.25
11.17 4.38
11.14 4.50
11.11 4.61
11.09 4.70
11.07 4.79
11.04 4.91
11.02 5.01
11 5.11
10.97 5.19
10.94 5.35
10.9 5.48
10.87 5.60
10.84 5.70
10.81 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 23.05100455 360
0:08:00 80.66341 480
0:04:30 22.91615503 270
0:05:00 22.98346829 300
0:03:30 22.75994915 210
0:04:00 22.84906319 240
0:02:45 22.627003 165
0:03:00 22.69336794 180
0:02:15 22.53885021 135
0:02:30 22.58287911 150
0:01:50 22.42919063 110
0:02:00 22.47298399 120
0:01:30 22.32011501 90
0:01:40 22.38549069 100
0:01:10 22.16837712 70
0:01:20 22.25494708 80
0:00:55 22.06067508 55
0:01:00 22.10368822 60
0:00:45 21.9535339 45
0:00:50 21.9963235 50
0:00:35 21.80446583 35
0:00:40 21.88951563 40
0:00:25 21.63540935 25
0:00:30 21.71976485 30
0:00:15 21.34283862 15
0:00:20 21.50951672 20
0:00:05 20.64892238 5
0:00:10 21.09529544 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.49607837 1
864
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 4
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.54
k = q / 4πs = 1.863
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 5
Water Content (%)
Average
28.1
78.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.9
23.3
Calculation 1
1.786
0.995
11.936
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 93.6%
Vol. Water  Vw (m3) 3.12E-01
Vol. Gas Vg (m3) 2.14E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 311677.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 12.57
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.77
Percent Solids (%)
Tare Number
Water Content (%)
866
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5 Page 2 of 3
kΩ LN(t) s
12.49 0
11.9 1.61
11.65 2.30
11.51 2.71
11.43 3.00
11.37 3.22
11.32 3.40
11.28 3.56
11.23 3.69
11.2 3.81
11.17 3.91
11.14 4.01
11.11 4.09
11.07 4.25
11.04 4.38
11.02 4.50
10.99 4.61
10.97 4.70
10.94 4.79
10.91 4.91
10.88 5.01
10.85 5.11
10.83 5.19
10.81 5.35
10.76 5.48
10.74 5.60
10.72 5.70
10.67 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 23.36916869 360
0:08:00 80.66341 480
0:04:30 23.2094652 270
0:05:00 23.25496706 300
0:03:30 23.05100455 210
0:04:00 23.1640648 240
0:02:45 22.96100584 165
0:03:00 23.00595553 180
0:02:15 22.82674818 135
0:02:30 22.89376655 150
0:01:50 22.69336794 110
0:02:00 22.75994915 120
0:01:30 22.58287911 90
0:01:40 22.64910071 100
0:01:10 22.47298399 70
0:01:20 22.53885021 80
0:00:55 22.32011501 55
0:01:00 22.38549069 60
0:00:45 22.18998542 45
0:00:50 22.25494708 50
0:00:35 22.01775168 35
0:00:40 22.12522858 40
0:00:25 21.82569545 25
0:00:30 21.93217238 30
0:00:15 21.53044583 15
0:00:20 21.69864371 20
0:00:05 20.72938053 5
0:00:10 21.23933859 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.57232257 1
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University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.56
k = q / 4πs = 1.786
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 6
Water Content (%)
Average
28.1
78.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
20.8
22.1
Calculation 1
1.796
1.000
12.001
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 93.6%
Vol. Water  Vw (m3) 3.12E-01
Vol. Gas Vg (m3) 2.14E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 311677.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 12.57
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.77
Percent Solids (%)
Tare Number
Water Content (%)
869
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6 Page 2 of 3
kΩ LN(t) s
13.03 0
12.41 1.61
12.2 2.30
12.06 2.71
11.98 3.00
11.92 3.22
11.87 3.40
11.83 3.56
11.78 3.69
11.76 3.81
11.73 3.91
11.7 4.01
11.67 4.09
11.63 4.25
11.59 4.38
11.56 4.50
11.54 4.61
11.51 4.70
11.49 4.79
11.46 4.91
11.43 5.01
11.4 5.11
11.37 5.19
11.32 5.35
11.3 5.48
11.27 5.60
11.23 5.70
11.17 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 22.25494708 360
0:08:00 80.66341 480
0:04:30 22.03920219 270
0:05:00 22.12522858 300
0:03:30 21.93217238 210
0:04:00 21.97491759 240
0:02:45 21.76207194 165
0:03:00 21.82569545 180
0:02:15 21.63540935 135
0:02:30 21.69864371 150
0:01:50 21.53044583 110
0:02:00 21.57236748 120
0:01:30 21.42601062 90
0:01:40 21.46772171 100
0:01:10 21.28067695 70
0:01:20 21.36360048 80
0:00:55 21.13634943 55
0:01:00 21.19808196 60
0:00:45 21.0134282 45
0:00:50 21.07479861 50
0:00:35 20.87092491 35
0:00:40 20.97261418 40
0:00:25 20.68911315 25
0:00:30 20.78992602 30
0:00:15 20.40936589 15
0:00:20 20.56876917 20
0:00:05 19.72561539 5
0:00:10 20.1332481 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 18.56458085 1
870
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.56
k = q / 4πs = 1.796
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 7
Water Content (%)
Average
28.1
78.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
22.0
23.6
Calculation 1
1.532
0.853
10.241
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 93.6%
Vol. Water  Vw (m3) 3.12E-01
Vol. Gas Vg (m3) 2.14E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 311677.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 12.57
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.77
Percent Solids (%)
Tare Number
Water Content (%)
872
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7 Page 2 of 3
kΩ LN(t) s
12.46 0
11.87 1.61
11.62 2.30
11.49 2.71
11.4 3.00
11.33 3.22
11.27 3.40
11.22 3.56
11.18 3.69
11.15 3.81
11.11 3.91
11.08 4.01
11.06 4.09
11.01 4.25
10.97 4.38
10.93 4.50
10.91 4.61
10.88 4.70
10.86 4.79
10.82 4.91
10.78 5.01
10.76 5.11
10.74 5.19
10.68 5.35
10.64 5.48
10.61 5.60
10.59 5.70
10.53 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 23.69238625 360
0:08:00 80.66341 480
0:04:30 23.50706208 270
0:05:00 23.55323505 300
0:03:30 23.34627704 210
0:04:00 23.43799856 240
0:02:45 23.1640648 165
0:03:00 23.2094652 180
0:02:15 23.02846759 135
0:02:30 23.11876538 150
0:01:50 22.89376655 110
0:02:00 22.9385681 120
0:01:30 22.78219122 90
0:01:40 22.82674818 100
0:01:10 22.60492915 70
0:01:20 22.69336794 80
0:00:55 22.4510756 55
0:01:00 22.49491586 60
0:00:45 22.29836936 45
0:00:50 22.38549069 50
0:00:35 22.14679153 35
0:00:40 22.23327035 40
0:00:25 21.91083297 25
0:00:30 22.03920219 30
0:00:15 21.57236748 15
0:00:20 21.76207194 20
0:00:05 20.78992602 5
0:00:10 21.30137691 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.62968099 1
873
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.65
k = q / 4πs = 1.532
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 8
Water Content (%)
Average
28.1
78.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
22.0
23.3
Calculation 1
1.799
1.002
12.023
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 93.6%
Vol. Water  Vw (m3) 3.12E-01
Vol. Gas Vg (m3) 2.14E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 311677.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 12.57
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.77
Percent Solids (%)
Tare Number
Water Content (%)
875
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8 Page 2 of 3
kΩ LN(t) s
12.48 0
11.85 1.61
11.62 2.30
11.49 2.71
11.4 3.00
11.33 3.22
11.28 3.40
11.24 3.56
11.21 3.69
11.18 3.81
11.16 3.91
11.13 4.01
11.1 4.09
11.06 4.25
11.03 4.38
11 4.50
10.98 4.61
10.96 4.70
10.94 4.79
10.9 4.91
10.87 5.01
10.84 5.11
10.82 5.19
10.79 5.35
10.75 5.48
10.72 5.60
10.69 5.70
10.66 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 23.39208612 360
0:08:00 80.66341 480
0:04:30 23.25496706 270
0:05:00 23.32341111 300
0:03:30 23.09615339 210
0:04:00 23.18675235 240
0:02:45 22.98346829 165
0:03:00 23.02846759 180
0:02:15 22.84906319 135
0:02:30 22.91615503 150
0:01:50 22.71553757 110
0:02:00 22.75994915 120
0:01:30 22.627003 90
0:01:40 22.67122234 100
0:01:10 22.49491586 70
0:01:20 22.56085281 80
0:00:55 22.34188375 55
0:01:00 22.40732901 60
0:00:45 22.23327035 45
0:00:50 22.27664673 50
0:00:35 22.10368822 35
0:00:40 22.16837712 40
0:00:25 21.91083297 25
0:00:30 22.01775168 30
0:00:15 21.57236748 15
0:00:20 21.76207194 20
0:00:05 20.83038651 5
0:00:10 21.30137691 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.59142529 1
876
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.56
k = q / 4πs = 1.799
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 9
Water Content (%)
Average
28.1
78.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.3
22.6
Calculation 1
1.882
1.048
12.578
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 93.6%
Vol. Water  Vw (m3) 3.12E-01
Vol. Gas Vg (m3) 2.14E-02
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 311677.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 12.58
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.78
Percent Solids (%)
Tare Number
Water Content (%)
878
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9 Page 2 of 3
kΩ LN(t) s
12.73 0
12,06 1.61
11.89 2.30
11.79 2.71
11.71 3.00
11.65 3.22
11.6 3.40
11.56 3.56
11.53 3.69
11.49 3.81
11.47 3.91
11.45 4.01
11.43 4.09
11.39 4.25
11.36 4.38
11.33 4.50
11.3 4.61
11.28 4.70
11.26 4.79
11.23 4.91
11.19 5.01
11.17 5.11
11.15 5.19
11.11 5.35
11.08 5.48
11.05 5.60
11.03 5.70
10.99 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 22.64910071 360
0:08:00 80.66341 480
0:04:30 22.51687124 270
0:05:00 22.56085281 300
0:03:30 22.38549069 210
0:04:00 22.4510756 240
0:02:45 22.25494708 165
0:03:00 22.29836936 180
0:02:15 22.12522858 135
0:02:30 22.21161648 150
0:01:50 22.01775168 110
0:02:00 22.06067508 120
0:01:30 21.91083297 90
0:01:40 21.97491759 100
0:01:10 21.78325801 70
0:01:20 21.84694692 80
0:00:55 21.65646602 55
0:01:00 21.69864371 60
0:00:45 21.57236748 45
0:00:50 21.61437408 50
0:00:35 21.42601062 35
0:00:40 21.4886087 40
0:00:25 21.23933859 25
0:00:30 21.34283862 30
0:00:15 20.9522369 15
0:00:20 21.11581236 20
0:00:05 #VALUE! 5
0:00:10 20.74954305 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.11877918 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.53
k = q / 4πs = 1.882
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
window
M3 M4
M8 M7
Height: 9.28 in
0.24 m
Volume: 0.74 m^3
Dry Density: 1352.0 kg/m^3
Box Section %w ε kT Torvane
1 25.69 27.22 1.81 1.15
2 26.61 25.94 1.76 0.775
3 28.80 26.89 1.87 0.525
4 31.21 27.78 1.74 0.9875
5 35.28 26.53 1.87 1.2875
6 29.50 25.48 1.67 0.9
7 33.48 28.99 1.79 0.575
8 31.24 26.14 1.64 0.9375
9 31.07 27.45 1.65 0.8375
Average 30.32 26.94 1.76 0.89
SD 3.063 1.072 0.088 0.246
M5
Right SideM1 M6
7 8 9
Left Side 4 5 6
1 2 3
M2
881
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Probe Frequency: 100 MHz
Soil Conditions: Wet
window
M3 M4
M8 M7
Box 1 Box 2 Box 3
100 MHz 100 MHz 100 MHz
0.875 0.858 0.871
5.217 5.093 5.185
27.216 25.944 26.887
Box 4 Box 5 Box 6
100 MHz 100 MHz 100 MHz
0.882 0.866 0.851
5.270 5.151 5.048
27.776 26.528 25.479
Box 7 Box 8 Box 9
100 MHz 100 MHz 100 MHz
0.896 0.861 0.878
5.384 5.113 5.240
28.992 26.142 27.453
√ε
ε
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Measured V Measured V
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency Waveform Frequency
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Right SideM1 M6
7 8 9
3
M2 M5
Left Side 4 5 6
2
Waveform Frequency
Measured V
√ε
ε
1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Box Cell: 1
Water Content (%)
Average
30.3
76.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
22.1
23.4
Calculation 1
1.813
1.010
12.117
Notes:
Page 1 of 3
Thermal Conductivity (btu in/ft2 F)
Final Temperature, Tf (°C)
Thermal Conductivity (W/m°C)
Sample Dry Density (kg/m3) 1352.0
Thermal Conductivity (btu ft /ft2 F)
Initial Time, ti (s)
Final Time, tf (s)
Initial Temperature, Ti (°C)
Void Ratio e 0.997
Degree of Saturation (%) 81.9%
Wt. Water (g) 304499.2
Vol. Water  Vw (m3) 3.04E-01
Vol. Gas Vg (m3) 6.71E-02
1006411.2
3.73E-01
Heat Input, Q (W/m) 12.63
Mold Volume (m3) 0.744
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Percent Solids (%)
Voltage (V) 3.79
Current (A) 0.500
Water Content (%)
Length of Heater Wire (m) 0.15
Tare Number
883
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 1 Page 2 of 3
kΩ LN(t) s
12.36 0
11.76 1.61
11.54 2.30
11.42 2.71
11.33 3.00
11.27 3.22
11.22 3.40
11.18 3.56
11.15 3.69
11.12 3.81
11.09 3.91
11.06 4.01
11.04 4.09
11 4.25
10.97 4.38
10.94 4.50
10.91 4.61
10.89 4.70
10.87 4.79
10.84 4.91
10.81 5.01
10.79 5.11
10.77 5.19
10.73 5.35
10.7 5.48
10.67 5.60
10.65 5.70
10.6 5.89
6.17
6.40
6.58
Temp Check = 
720
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341
0:03:30 23.23220342 210
0:04:00 23.30057085 240
0:08:00 80.66341 480
0:04:30 23.36916869 270
0:06:00 23.53013546 360
0:05:00 23.41502939 300
0:02:45 23.09615339 165
0:01:50 22.87140263 110
0:02:00 22.91615503 120
0:03:00 23.14140249 180
0:02:15 22.98346829 135
0:02:30 23.05100455 150
0:01:30 22.75994915 90
0:01:40 22.82674818 100
0:01:10 22.627003 70
35
0:01:20 22.69336794 80
0:00:55 22.49491586 55
0:01:00 22.53885021 60
0:00:45 22.36367562 45
0:00:50 22.42919063 50
0:00:40 22.29836936 40
0:00:25 22.03920219 25
0:00:30 22.14679153 30
0:00:15 21.71976485 15
0:00:20 21.91083297 20
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.82197545 1
0:00:35 22.23327035
0:00:05 21.0134282 5
0:00:10 21.46772171 10
884
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Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 1
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.55
k = q / 4πs = 1.813
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Box Cell: 2
Water Content (%)
Average
30.3
76.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.6
22.9
Calculation 1
1.762
0.981
11.778
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1352.0
Void Ratio e 0.997
Degree of Saturation (%) 81.9%
Vol. Water  Vw (m3) 3.04E-01
Vol. Gas Vg (m3) 6.71E-02
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 304499.2
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Heat Input, Q (W/m) 12.66
Current (A) 0.505
Length of Heater Wire (m) 0.15
Voltage (V) 3.76
Percent Solids (%)
Tare Number
Water Content (%)
886
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 2 Page 2 of 3
kΩ LN(t) s
12.68 0
12.05 1.61
11.82 2.30
11.69 2.71
11.6 3.00
11.53 3.22
11.48 3.40
11.44 3.56
11.4 3.69
11.37 3.81
11.34 3.91
11.31 4.01
11.28 4.09
11.25 4.25
11.21 4.38
11.18 4.50
11.15 4.61
11.13 4.70
11.1 4.79
11.07 4.91
11.05 5.01
11.02 5.11
11 5.19
10.96 5.35
10.92 5.48
10.9 5.60
10.87 5.70
10.82 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 23.02846759 360
0:08:00 80.66341 480
0:04:30 22.84906319 270
0:05:00 22.91615503 300
0:03:30 22.71553757 210
0:04:00 22.80445754 240
0:02:45 22.58287911 165
0:03:00 22.627003 180
0:02:15 22.47298399 135
0:02:30 22.51687124 150
0:01:50 22.34188375 110
0:02:00 22.40732901 120
0:01:30 22.23327035 90
0:01:40 22.29836936 100
0:01:10 22.08217041 70
0:01:20 22.16837712 80
0:00:55 21.9535339 55
0:01:00 22.01775168 60
0:00:45 21.82569545 45
0:00:50 21.88951563 50
0:00:35 21.67754412 35
0:00:40 21.76207194 40
0:00:25 21.4886087 25
0:00:30 21.59336014 30
0:00:15 21.15690668 15
0:00:20 21.34283862 20
0:00:05 20.42922602 5
0:00:10 20.89122343 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.21250031 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 2
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.57
k = q / 4πs = 1.762
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Box Cell: 3
Water Content (%)
Average
30.3
76.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
20.0
21.2
Calculation 1
1.872
1.043
12.512
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1352.0
Void Ratio e 0.997
Degree of Saturation (%) 81.9%
Vol. Water  Vw (m3) 3.04E-01
Vol. Gas Vg (m3) 6.71E-02
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 304499.2
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Heat Input, Q (W/m) 12.43
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.73
Percent Solids (%)
Tare Number
Water Content (%)
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 3 Page 2 of 3
kΩ LN(t) s
13.5 0
12.84 1.61
12.6 2.30
12.49 2.71
12.4 3.00
12.33 3.22
12.28 3.40
12.24 3.56
12.2 3.69
12.17 3.81
12.14 3.91
12.11 4.01
12.09 4.09
12.05 4.25
12.01 4.38
11.98 4.50
11.95 4.61
11.93 4.70
11.91 4.79
11.87 4.91
11.85 5.01
11.82 5.11
11.8 5.19
11.76 5.35
11.73 5.48
11.69 5.60
11.67 5.70
11.62 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 21.30137691 360
0:08:00 80.66341 480
0:04:30 21.15690668 270
0:05:00 21.19808196 300
0:03:30 21.0134282 210
0:04:00 21.07479861 240
0:02:45 20.89122343 165
0:03:00 20.93187938 180
0:02:15 20.78992602 135
0:02:30 20.83038651 150
0:01:50 20.66900822 110
0:02:00 20.70923724 120
0:01:30 20.56876917 90
0:01:40 20.62885561 100
0:01:10 20.42922602 70
0:01:20 20.50885261 80
0:00:55 20.31034207 55
0:01:00 20.3498964 60
0:00:45 20.19211674 45
0:00:50 20.25114767 50
0:00:35 20.05500705 35
0:00:40 20.1332481 40
0:00:25 19.87999793 25
0:00:30 19.97704972 30
0:00:15 19.57232257 15
0:00:20 19.74485318 20
0:00:05 18.91397525 5
0:00:10 19.36328658 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 17.72266206 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 3
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.53
k = q / 4πs = 1.872
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Box Cell: 4
Water Content (%)
Average
30.3
76.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
22.2
23.5
Calculation 1
1.737
0.967
11.609
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1352.0
Void Ratio e 0.997
Degree of Saturation (%) 81.9%
Vol. Water  Vw (m3) 3.04E-01
Vol. Gas Vg (m3) 6.71E-02
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 304499.2
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Heat Input, Q (W/m) 12.45
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.74
Percent Solids (%)
Tare Number
Water Content (%)
892
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 4 Page 2 of 3
kΩ LN(t) s
12.34 0
11.73 1.61
11.53 2.30
11.4 2.71
11.32 3.00
11.26 3.22
11.21 3.40
11.17 3.56
11.13 3.69
11.1 3.81
11.07 3.91
11.05 4.01
11.03 4.09
10.99 4.25
10.95 4.38
10.92 4.50
10.9 4.61
10.87 4.70
10.85 4.79
10.82 4.91
10.79 5.01
10.76 5.11
10.75 5.19
10.71 5.35
10.68 5.48
10.65 5.60
10.62 5.70
10.58 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 23.5763609 360
0:08:00 80.66341 480
0:04:30 23.41502939 270
0:05:00 23.48401485 300
0:03:30 23.27775618 210
0:04:00 23.34627704 240
0:02:45 23.1640648 165
0:03:00 23.18675235 180
0:02:15 23.02846759 135
0:02:30 23.09615339 150
0:01:50 22.91615503 110
0:02:00 22.96100584 120
0:01:30 22.80445754 90
0:01:40 22.84906319 100
0:01:10 22.64910071 70
0:01:20 22.73773129 80
0:00:55 22.51687124 55
0:01:00 22.56085281 60
0:00:45 22.40732901 45
0:00:50 22.47298399 50
0:00:35 22.25494708 35
0:00:40 22.34188375 40
0:00:25 22.06067508 25
0:00:30 22.16837712 30
0:00:15 21.76207194 15
0:00:20 21.93217238 20
0:00:05 21.07479861 5
0:00:10 21.4886087 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.8606398 1
893
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 4
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.57
k = q / 4πs = 1.737
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 5
Water Content (%)
Average
30.3
76.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.9
23.1
Calculation 1
1.870
1.041
12.496
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1352.0
Void Ratio e 0.997
Degree of Saturation (%) 81.9%
Vol. Water  Vw (m3) 3.04E-01
Vol. Gas Vg (m3) 6.71E-02
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 304499.2
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Heat Input, Q (W/m) 12.45
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.74
Percent Solids (%)
Tare Number
Water Content (%)
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5 Page 2 of 3
kΩ LN(t) s
12.46 0
11.87 1.61
11.65 2.30
11.53 2.71
11.45 3.00
11.38 3.22
11.34 3.40
11.3 3.56
11.26 3.69
11.23 3.81
11.2 3.91
11.18 4.01
11.16 4.09
11.12 4.25
11.09 4.38
11.06 4.50
11.03 4.61
11.01 4.70
10.99 4.79
10.96 4.91
10.94 5.01
10.92 5.11
10.9 5.19
10.86 5.35
10.83 5.48
10.8 5.60
10.78 5.70
10.73 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 23.23220342 360
0:08:00 80.66341 480
0:04:30 23.07356646 270
0:05:00 23.11876538 300
0:03:30 22.9385681 210
0:04:00 23.00595553 240
0:02:45 22.80445754 165
0:03:00 22.84906319 180
0:02:15 22.71553757 135
0:02:30 22.75994915 150
0:01:50 22.60492915 110
0:02:00 22.64910071 120
0:01:30 22.49491586 90
0:01:40 22.56085281 100
0:01:10 22.36367562 70
0:01:20 22.42919063 80
0:00:55 22.23327035 55
0:01:00 22.27664673 60
0:00:45 22.12522858 45
0:00:50 22.18998542 50
0:00:35 21.97491759 35
0:00:40 22.06067508 40
0:00:25 21.80446583 25
0:00:30 21.88951563 30
0:00:15 21.4886087 15
0:00:20 21.65646602 20
0:00:05 20.78992602 5
0:00:10 21.23933859 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.62968099 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.53
k = q / 4πs = 1.870
19
19.5
20
20.5
21
21.5
22
22.5
23
23.5
24
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
897
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 6
Water Content (%)
Average
30.3
76.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
21.1
22.5
Calculation 1
1.674
0.933
11.191
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1352.0
Void Ratio e 0.997
Degree of Saturation (%) 81.9%
Vol. Water  Vw (m3) 3.04E-01
Vol. Gas Vg (m3) 6.71E-02
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 304499.2
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Heat Input, Q (W/m) 12.45
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.74
Percent Solids (%)
Tare Number
Water Content (%)
898
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6 Page 2 of 3
kΩ LN(t) s
12.91 0
12.34 1.61
12.06 2.30
11.92 2.71
11.83 3.00
11.77 3.22
11.71 3.40
11.67 3.56
11.63 3.69
11.59 3.81
11.56 3.91
11.53 4.01
11.51 4.09
11.47 4.25
11.43 4.38
11.4 4.50
11.37 4.61
11.34 4.70
11.32 4.79
11.28 4.91
11.25 5.01
11.23 5.11
11.2 5.19
11.16 5.35
11.13 5.48
11.09 5.60
11.06 5.70
11.01 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 22.60492915 360
0:08:00 80.66341 480
0:04:30 22.42919063 270
0:05:00 22.49491586 300
0:03:30 22.27664673 210
0:04:00 22.34188375 240
0:02:45 22.12522858 165
0:03:00 22.18998542 180
0:02:15 22.01775168 135
0:02:30 22.08217041 150
0:01:50 21.88951563 110
0:02:00 21.93217238 120
0:01:30 21.76207194 90
0:01:40 21.82569545 100
0:01:10 21.61437408 70
0:01:20 21.69864371 80
0:00:55 21.4886087 55
0:01:00 21.53044583 60
0:00:45 21.36360048 45
0:00:50 21.42601062 50
0:00:35 21.19808196 35
0:00:40 21.28067695 40
0:00:25 20.99301126 25
0:00:30 21.11581236 30
0:00:15 20.68911315 15
0:00:20 20.87092491 20
0:00:05 19.8606398 5
0:00:10 20.40936589 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 18.78461771 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.59
k = q / 4πs = 1.674
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 7
Water Content (%)
Average
30.3
76.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
22.2
23.5
Calculation 1
1.788
0.996
11.950
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1352.0
Void Ratio e 0.997
Degree of Saturation (%) 81.9%
Vol. Water  Vw (m3) 3.04E-01
Vol. Gas Vg (m3) 6.71E-02
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 304499.2
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Heat Input, Q (W/m) 12.50
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.75
Percent Solids (%)
Tare Number
Water Content (%)
901
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7 Page 2 of 3
kΩ LN(t) s
12.29 0
11.74 1.61
11.5 2.30
11.37 2.71
11.29 3.00
11.24 3.22
11.19 3.40
11.15 3.56
11.11 3.69
11.08 3.81
11.06 3.91
11.03 4.01
11.01 4.09
10.97 4.25
10.94 4.38
10.91 4.50
10.88 4.61
10.86 4.70
10.84 4.79
10.81 4.91
10.78 5.01
10.76 5.11
10.73 5.19
10.7 5.35
10.67 5.48
10.64 5.60
10.61 5.70
10.57 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 23.59951307 360
0:08:00 80.66341 480
0:04:30 23.43799856 270
0:05:00 23.50706208 300
0:03:30 23.30057085 210
0:04:00 23.36916869 240
0:02:45 23.1640648 165
0:03:00 23.23220342 180
0:02:15 23.05100455 135
0:02:30 23.11876538 150
0:01:50 22.9385681 110
0:02:00 22.98346829 120
0:01:30 22.82674818 90
0:01:40 22.89376655 100
0:01:10 22.69336794 70
0:01:20 22.75994915 80
0:00:55 22.56085281 55
0:01:00 22.60492915 60
0:00:45 22.4510756 45
0:00:50 22.49491586 50
0:00:35 22.29836936 35
0:00:40 22.38549069 40
0:00:25 22.10368822 25
0:00:30 22.21161648 30
0:00:15 21.82569545 15
0:00:20 21.9963235 20
0:00:05 21.05432182 5
0:00:10 21.55139606 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.9576044 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.56
k = q / 4πs = 1.788
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 8
Water Content (%)
Average
30.3
76.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
22.1
23.5
Calculation 1
1.642
0.915
10.975
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1352.0
Void Ratio e 0.997
Degree of Saturation (%) 81.9%
Vol. Water  Vw (m3) 3.04E-01
Vol. Gas Vg (m3) 6.71E-02
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 304499.2
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Heat Input, Q (W/m) 12.50
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.75
Percent Solids (%)
Tare Number
Water Content (%)
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8 Page 2 of 3
kΩ LN(t) s
12.37 0
11.81 1.61
11.56 2.30
11.43 2.71
11.35 3.00
11.28 3.22
11.23 3.40
11.19 3.56
11.15 3.69
11.12 3.81
11.09 3.91
11.06 4.01
11.04 4.09
11 4.25
10.96 4.38
10.93 4.50
10.9 4.61
10.87 4.70
10.85 4.79
10.82 4.91
10.79 5.01
10.77 5.11
10.74 5.19
10.7 5.35
10.67 5.48
10.63 5.60
10.61 5.70
10.56 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 23.62269163 360
0:08:00 80.66341 480
0:04:30 23.46099369 270
0:05:00 23.50706208 300
0:03:30 23.30057085 210
0:04:00 23.36916869 240
0:02:45 23.14140249 165
0:03:00 23.2094652 180
0:02:15 23.02846759 135
0:02:30 23.09615339 150
0:01:50 22.91615503 110
0:02:00 22.96100584 120
0:01:30 22.78219122 90
0:01:40 22.84906319 100
0:01:10 22.627003 70
0:01:20 22.71553757 80
0:00:55 22.49491586 55
0:01:00 22.53885021 60
0:00:45 22.36367562 45
0:00:50 22.42919063 50
0:00:35 22.21161648 35
0:00:40 22.29836936 40
0:00:25 22.01775168 25
0:00:30 22.12522858 30
0:00:15 21.69864371 15
0:00:20 21.86822029 20
0:00:05 20.91154158 5
0:00:10 21.42601062 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.80266914 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.61
k = q / 4πs = 1.642
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Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 9
Water Content (%)
Average
30.3
76.8
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
22.0
23.4
Calculation 1
1.650
0.919
11.026
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1352.0
Void Ratio e 0.997
Degree of Saturation (%) 81.9%
Vol. Water  Vw (m3) 3.04E-01
Vol. Gas Vg (m3) 6.71E-02
Vol. Dry Soil Vs (m3) 3.73E-01
Wt. Water (g) 304499.2
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1006411.2
Heat Input, Q (W/m) 12.55
Current (A) 0.500
Length of Heater Wire (m) 0.15
Voltage (V) 3.77
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9 Page 2 of 3
kΩ LN(t) s
12.46 0
11.9 1.61
11.62 2.30
11.51 2.71
11.42 3.00
11.35 3.22
11.3 3.40
11.26 3.56
11.22 3.69
11.18 3.81
11.15 3.91
11.13 4.01
11.1 4.09
11.06 4.25
11.02 4.38
10.99 4.50
10.96 4.61
10.94 4.70
10.91 4.79
10.88 4.91
10.85 5.01
10.83 5.11
10.8 5.19
10.76 5.35
10.72 5.48
10.69 5.60
10.66 5.70
10.62 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 23.48401485 360
0:08:00 80.66341 480
0:04:30 23.32341111 270
0:05:00 23.39208612 300
0:03:30 23.1640648 210
0:04:00 23.25496706 240
0:02:45 23.00595553 165
0:03:00 23.07356646 180
0:02:15 22.89376655 135
0:02:30 22.96100584 150
0:01:50 22.75994915 110
0:02:00 22.82674818 120
0:01:30 22.64910071 90
0:01:40 22.71553757 100
0:01:10 22.49491586 70
0:01:20 22.58287911 80
0:00:55 22.34188375 55
0:01:00 22.40732901 60
0:00:45 22.23327035 45
0:00:50 22.29836936 50
0:00:35 22.06067508 35
0:00:40 22.14679153 40
0:00:25 21.86822029 25
0:00:30 21.97491759 30
0:00:15 21.53044583 15
0:00:20 21.71976485 20
0:00:05 20.72938053 5
0:00:10 21.30137691 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 19.62968099 1
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.61
k = q / 4πs = 1.650
19
19.5
20
20.5
21
21.5
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23.5
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Sample: Dense - Hand Compacted
Date: 3/5/18
window
M3 M4
M8 M7
Height: 6.92 in
0.18 m
Volume: 0.56 m^3
Dry Density: -
Box Section %w ε kT Cone 0-3
1 0.67 2.75 0.240 41.25
2 0.70 2.79 0.225 35
3 0.98 2.84 0.219 35
4 0.56 2.67 0.201 43.75
5 0.67 2.44 0.244 77.5
6 0.80 2.78 0.206 55
7 0.68 2.72 0.205 27.5
8 0.55 2.75 0.197 46.25
9 0.53 2.73 0.242 50
Average 0.68 2.72 0.220 45.69
SD 0.141 0.114 0.019 14.579
Left Side 4 5 6
1 2 3
M2 M5
Right SideM1 M6
7 8 9
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Sample: Dense - Hand Compacted
Date: 3/5/18
Probe Frequency: 100 MHz
Soil Conditions: Wet
window
M3 M4
M8 M7
Box 1 Box 2 Box 3
100 MHz 100 MHz 100 MHz
0.106 0.108 0.111
1.660 1.669 1.685
2.755 2.786 2.841
Box 4 Box 5 Box 6
100 MHz 100 MHz 100 MHz
0.102 0.090 0.108
1.635 1.563 1.668
2.674 2.443 2.781
Box 7 Box 8 Box 9
100 MHz 100 MHz 100 MHz
0.104 0.106 0.105
1.649 1.659 1.653
2.719 2.751 2.731
Waveform Frequency
Measured V
√ε
ε
1 3
M2 M5
Left Side 4 5 6
2
Right SideM1 M6
7 8 9
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency Waveform Frequency
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
√ε
ε
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Measured V Measured V
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Sample: Dense - Hand Compacted
Date: 4/18/18
Box Cell: 1
Water Content (%)
Average
0.7
99.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.4
32.1
Calculation 1
0.240
0.134
1.602
Notes:
Page 1 of 3
Water Content (%)
Length of Heater Wire (m) 0.15
Tare Number
Percent Solids (%)
Voltage (V) 2.13
Current (A) 0.255
#REF!
#REF!
Heat Input, Q (W/m) 3.62
Mold Volume (m3) #REF!
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Wt. Water (g) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Sample Dry Density (kg/m3) #REF!
Thermal Conductivity (btu ft /ft2 F)
Initial Time, ti (s)
Final Time, tf (s)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Thermal Conductivity (W/m°C)
Thermal Conductivity (btu in/ft2 F)
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Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 1 Page 2 of 3
kΩ LN(t) s
9.1 0
8.95 1.61
8.79 2.30
8.66 2.71
8.56 3.00
8.46 3.22
8.4 3.40
8.34 3.56
8.28 3.69
8.23 3.81
8.18 3.91
8.15 4.01
8.12 4.09
8.06 4.25
8.01 4.38
7.96 4.50
7.92 4.61
7.89 4.70
7.86 4.79
7.82 4.91
7.78 5.01
7.75 5.11
7.72 5.19
7.67 5.35
7.62 5.48
7.59 5.60
7.55 5.70
7.5 5.89
6.17
6.40
6.58
Temp Check = 
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 27.32445629 1
0:00:35 29.54598218
0:00:05 27.7450735 5
0:00:10 28.20310239 10
45
0:00:50 30.04393609 50
0:00:40 29.731412 40
0:00:25 29.17972601 25
0:00:30 29.36209302 30
0:00:15 28.58259453 15
0:00:20 28.87911372 20
0:01:10 30.42480548 70
35
0:01:20 30.58541531 80
0:00:55 30.13855097 55
0:01:00 30.23356591 60
0:00:45 29.88712718
0:02:00 31.07414417 120
0:03:00 31.53983716 180
0:02:15 31.20624722 135
0:02:30 31.339109 150
0:01:30 30.74716752 90
0:01:40 30.87739936 100
0:02:45 31.43925679 165
0:01:50 30.97556126 110
0:03:30 31.70843923 210
0:04:00 31.87826156 240
0:08:00 80.66341 480
0:04:30 31.98074555 270
0:06:00 32.29088406 360
0:05:00 32.11808517 300
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
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Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 1
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.20
k = q / 4πs = 0.240
27
27.5
28
28.5
29
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Cumulative Time (s)
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Sample: Dense - Hand Compacted
Date: 4/18/18
Box Cell: 2
Water Content (%)
Average
0.7
99.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.1
32.0
Calculation 1
0.225
0.125
1.501
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.14
Percent Solids (%)
Current (A) 0.260
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.70
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Sample Dry Density (kg/m3) #REF!
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
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Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 2 Page 2 of 3
kΩ LN(t) s
9.27 0
9.06 1.61
8.9 2.30
8.77 2.71
8.66 3.00
8.56 3.22
8.49 3.40
8.42 3.56
8.36 3.69
8.31 3.81
8.27 3.91
8.23 4.01
8.19 4.09
8.12 4.25
8.07 4.38
8.02 4.50
7.98 4.61
7.94 4.70
7.91 4.79
7.86 4.91
7.82 5.01
7.79 5.11
7.75 5.19
7.7 5.35
7.66 5.48
7.62 5.60
7.58 5.70
7.52 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 27.43580525 5
0:00:10 27.88715391 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 26.85769312 1
0:00:25 28.87911372 25
0:00:30 29.08910756 30
0:00:15 28.26105191 15
0:00:20 28.58259453 20
0:00:35 29.3011358 35
0:00:40 29.48451553 40
0:00:45 29.63850335 45
0:00:50 29.76246806 50
0:00:55 29.88712718 55
0:01:00 30.01248629 60
0:01:10 30.23356591 70
0:01:20 30.39281962 80
0:01:30 30.55320231 90
0:01:40 30.68232883 100
0:01:50 30.81219079 110
0:02:00 30.91007337 120
0:02:45 31.3058221 165
0:03:00 31.43925679 180
0:02:15 31.07414417 135
0:02:30 31.20624722 150
0:04:30 31.87826156 270
0:05:00 32.01500588 300
0:03:30 31.60713231 210
0:04:00 31.7423057 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 32.22161393 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
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Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 2
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.31
k = q / 4πs = 0.225
27
27.5
28
28.5
29
29.5
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31
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Sample: Dense - Hand Compacted
Date: 4/18/18
Box Cell: 3
Water Content (%)
Average
0.7
99.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.3
32.3
Calculation 1
0.219
0.122
1.466
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.14
Percent Solids (%)
Current (A) 0.270
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.84
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Sample Dry Density (kg/m3) #REF!
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
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Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 3 Page 2 of 3
kΩ LN(t) s
9.27 0
9.04 1.61
8.88 2.30
8.73 2.71
8.62 3.00
8.51 3.22
8.43 3.40
8.37 3.56
8.31 3.69
8.25 3.81
8.18 3.91
8.14 4.01
8.11 4.09
8.05 4.25
7.99 4.38
7.94 4.50
7.9 4.61
7.86 4.70
7.83 4.79
7.79 4.91
7.75 5.01
7.71 5.11
7.68 5.19
7.63 5.35
7.58 5.48
7.54 5.60
7.51 5.70
7.45 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 27.49170077 5
0:00:10 27.94425258 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 26.85769312 1
0:00:25 29.028903 25
0:00:30 29.2707204 30
0:00:15 28.37742199 15
0:00:20 28.70071637 20
0:00:35 29.45384618 35
0:00:40 29.63850335 40
0:00:45 29.82471047 45
0:00:50 30.04393609 50
0:00:55 30.17017805 55
0:01:00 30.26532687 60
0:01:10 30.45683659 70
0:01:20 30.64997848 80
0:01:30 30.81219079 90
0:01:40 30.94279397 100
0:01:50 31.07414417 110
0:02:00 31.17315056 120
0:02:45 31.57346051 165
0:03:00 31.67462157 180
0:02:15 31.3058221 135
0:02:30 31.43925679 150
0:04:30 32.15254469 270
0:05:00 32.25622383 300
0:03:30 31.84419891 210
0:04:00 32.01500588 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 32.46494335 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
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Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 3
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.39
k = q / 4πs = 0.219
27
27.5
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Sample: Dense - Hand Compacted
Date: 4/18/18
Box Cell: 4
Water Content (%)
Average
0.7
99.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.8
33.1
Calculation 1
0.201
0.112
1.344
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.13
Percent Solids (%)
Current (A) 0.265
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.76
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Sample Dry Density (kg/m3) #REF!
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
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Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 4 Page 2 of 3
kΩ LN(t) s
9.08 0
8.86 1.61
8.69 2.30
8.55 2.71
8.42 3.00
8.33 3.22
8.25 3.40
8.18 3.56
8.11 3.69
8.05 3.81
8.01 3.91
7.96 4.01
7.92 4.09
7.85 4.25
7.79 4.38
7.74 4.50
7.69 4.61
7.65 4.70
7.61 4.79
7.56 4.91
7.52 5.01
7.48 5.11
7.45 5.19
7.39 5.35
7.34 5.48
7.31 5.60
7.27 5.70
7.21 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 28.00150451 5
0:00:10 28.49442448 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 27.3800573 1
0:00:25 29.57677966 25
0:00:30 29.82471047 30
0:00:15 28.90898938 15
0:00:20 29.3011358 20
0:00:35 30.04393609 35
0:00:40 30.26532687 40
0:00:45 30.45683659 45
0:00:50 30.58541531 50
0:00:55 30.74716752 55
0:01:00 30.87739936 60
0:01:10 31.10709912 70
0:01:20 31.3058221 80
0:01:30 31.47273539 90
0:01:40 31.64085263 100
0:01:50 31.77622108 110
0:02:00 31.91237349 120
0:02:45 32.36035586 165
0:03:00 32.46494335 180
0:02:15 32.08367559 135
0:02:30 32.22161393 150
0:04:30 32.9591167 270
0:05:00 33.10217838 300
0:03:30 32.67549505 210
0:04:00 32.8523694 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 33.31835203 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
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Sample: Dense - Hand Compacted
Date: 4/18/18
Tested By: 4
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.49
k = q / 4πs = 0.201
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Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 5
Water Content (%)
Average
0.7
99.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.5
32.2
Calculation 1
0.244
0.136
1.630
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.13
Percent Solids (%)
Current (A) 0.265
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.76
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Sample Dry Density (kg/m3) #REF!
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5 Page 2 of 3
kΩ LN(t) s
9.12 0
8.92 1.61
8.76 2.30
8.63 2.71
8.52 3.00
8.44 3.22
8.37 3.40
8.3 3.56
8.25 3.69
8.2 3.81
8.16 3.91
8.12 4.01
8.09 4.09
8.03 4.25
7.98 4.38
7.93 4.50
7.89 4.61
7.85 4.70
7.83 4.79
7.78 4.91
7.75 5.01
7.71 5.11
7.69 5.19
7.63 5.35
7.59 5.48
7.55 5.60
7.52 5.70
7.46 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 27.83020784 5
0:00:10 28.29008542 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 27.26900159 1
0:00:25 29.24034702 25
0:00:30 29.45384618 30
0:00:15 28.67112547 15
0:00:20 28.99886278 20
0:00:35 29.66942973 35
0:00:40 29.82471047 40
0:00:45 29.98108058 45
0:00:50 30.10696835 50
0:00:55 30.23356591 55
0:01:00 30.32898328 60
0:01:10 30.52103492 70
0:01:20 30.68232883 80
0:01:30 30.84477187 90
0:01:40 30.97556126 100
0:01:50 31.10709912 110
0:02:00 31.17315056 120
0:02:45 31.57346051 165
0:03:00 31.64085263 180
0:02:15 31.339109 135
0:02:30 31.43925679 150
0:04:30 32.11808517 270
0:05:00 32.22161393 300
0:03:30 31.84419891 210
0:04:00 31.98074555 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 32.43003009 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
925
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.23
k = q / 4πs = 0.244
27
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Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 6
Water Content (%)
Average
0.7
99.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.4
32.7
Calculation 1
0.206
0.115
1.375
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.13
Percent Solids (%)
Current (A) 0.275
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.91
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Sample Dry Density (kg/m3) #REF!
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
927
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6 Page 2 of 3
kΩ LN(t) s
9.26 0
9.04 1.61
8.85 2.30
8.71 2.71
8.57 3.00
8.48 3.22
8.39 3.40
8.31 3.56
8.25 3.69
8.19 3.81
8.14 3.91
8.08 4.01
8.05 4.09
7.97 4.25
7.91 4.38
7.85 4.50
7.81 4.61
7.75 4.70
7.73 4.79
7.68 4.91
7.63 5.01
7.59 5.11
7.56 5.19
7.5 5.35
7.45 5.48
7.41 5.60
7.37 5.70
7.3 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 27.49170077 5
0:00:10 28.03018814 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 26.8848639 1
0:00:25 29.11927208 25
0:00:30 29.39263501 30
0:00:15 28.43584386 15
0:00:20 28.84927899 20
0:00:35 29.63850335 35
0:00:40 29.82471047 40
0:00:45 30.01248629 45
0:00:50 30.17017805 50
0:00:55 30.36087891 55
0:01:00 30.45683659 60
0:01:10 30.71472515 70
0:01:20 30.91007337 80
0:01:30 31.10709912 90
0:01:40 31.23939131 100
0:01:50 31.43925679 110
0:02:00 31.50626215 120
0:02:45 31.98074555 165
0:03:00 32.08367559 180
0:02:15 31.67462157 135
0:02:30 31.84419891 150
0:04:30 32.60510629 270
0:05:00 32.7460897 300
0:03:30 32.29088406 210
0:04:00 32.46494335 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 32.99480351 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
928
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.51
k = q / 4πs = 0.206
27
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Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 7
Water Content (%)
Average
0.7
99.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
30.1
33.4
Calculation 1
0.205
0.114
1.371
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.13
Percent Solids (%)
Current (A) 0.270
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.83
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Sample Dry Density (kg/m3) #REF!
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
930
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7 Page 2 of 3
kΩ LN(t) s
8.95 0
8.74 1.61
8.59 2.30
8.44 2.71
8.34 3.00
8.24 3.22
8.17 3.40
8.1 3.56
8.04 3.69
7.98 3.81
7.94 3.91
7.9 4.01
7.86 4.09
7.79 4.25
7.72 4.38
7.67 4.50
7.63 4.61
7.59 4.70
7.55 4.79
7.5 4.91
7.46 5.01
7.42 5.11
7.39 5.19
7.33 5.35
7.26 5.48
7.23 5.60
7.19 5.70
7.13 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 28.34827038 5
0:00:10 28.78973198 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 27.7450735 1
0:00:25 29.855897 25
0:00:30 30.07543008 30
0:00:15 29.24034702 15
0:00:20 29.54598218 20
0:00:35 30.29713263 35
0:00:40 30.48891304 40
0:00:45 30.68232883 45
0:00:50 30.81219079 50
0:00:55 30.94279397 55
0:01:00 31.07414417 60
0:01:10 31.3058221 70
0:01:20 31.53983716 80
0:01:30 31.70843923 90
0:01:40 31.84419891 100
0:01:50 31.98074555 110
0:02:00 32.11808517 120
0:02:45 32.56998888 165
0:03:00 32.67549505 180
0:02:15 32.29088406 135
0:02:30 32.43003009 150
0:04:30 33.24608228 270
0:05:00 33.3908347 300
0:03:30 32.88789975 210
0:04:00 33.13807515 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 33.60956811 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.49
k = q / 4πs = 0.205
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Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 8
Water Content (%)
Average
0.7
99.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
30.2
33.7
Calculation 1
0.197
0.110
1.318
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.13
Percent Solids (%)
Current (A) 0.270
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.83
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Sample Dry Density (kg/m3) #REF!
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
933
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8 Page 2 of 3
kΩ LN(t) s
8.97 0
8.77 1.61
8.57 2.30
8.43 2.71
8.31 3.00
8.2 3.22
8.12 3.40
8.04 3.56
7.98 3.69
7.91 3.81
7.87 3.91
7.82 4.01
7.78 4.09
7.7 4.25
7.64 4.38
7.59 4.50
7.53 4.61
7.5 4.70
7.46 4.79
7.42 4.91
7.37 5.01
7.33 5.11
7.3 5.19
7.24 5.35
7.19 5.48
7.15 5.60
7.11 5.70
7.05 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 28.26105191 5
0:00:10 28.84927899 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 27.68850619 1
0:00:25 29.98108058 25
0:00:30 30.23356591 30
0:00:15 29.2707204 15
0:00:20 29.63850335 20
0:00:35 30.48891304 35
0:00:40 30.68232883 40
0:00:45 30.91007337 45
0:00:50 31.04123626 50
0:00:55 31.20624722 55
0:01:00 31.339109 60
0:01:10 31.60713231 70
0:01:20 31.81018545 80
0:01:30 31.98074555 90
0:01:40 32.18705424 100
0:01:50 32.29088406 110
0:02:00 32.43003009 120
0:02:45 32.88789975 165
0:03:00 32.99480351 180
0:02:15 32.56998888 135
0:02:30 32.7460897 150
0:04:30 33.53644195 270
0:05:00 33.68291036 300
0:03:30 33.210027 210
0:04:00 33.3908347 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 33.90424161 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
934
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.55
k = q / 4πs = 0.197
27
28
29
30
31
32
33
1 10 100 1000
Te
m
pe
ra
tu
re
 (°
C)
Cumulative Time (s)
935
University of Massachusetts Amherst
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Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 9
Water Content (%)
Average
0.7
99.3
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.3
32.2
Calculation 1
0.242
0.135
1.617
Notes:
Page 1 of 3
Tare Number
Water Content (%)
Voltage (V) 2.13
Percent Solids (%)
Current (A) 0.270
Length of Heater Wire (m) 0.15
Heat Input, Q (W/m) 3.83
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Sample Dry Density (kg/m3) #REF!
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
936
University of Massachusetts Amherst
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9 Page 2 of 3
kΩ LN(t) s
9.2 0
9.01 1.61
8.83 2.30
8.68 2.71
8.58 3.00
8.5 3.22
8.41 3.40
8.35 3.56
8.29 3.69
8.24 3.81
8.19 3.91
8.15 4.01
8.12 4.09
8.05 4.25
8 4.38
7.95 4.50
7.92 4.61
7.88 4.70
7.85 4.79
7.8 4.91
7.76 5.01
7.73 5.11
7.7 5.19
7.65 5.35
7.6 5.48
7.56 5.60
7.53 5.70
7.47 5.89
6.17
6.40
6.58
Temp Check = 
0:00:05 27.5758221 5
0:00:10 28.08767115 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 27.04863366 1
0:00:25 29.05898456 25
0:00:30 29.33159331 30
0:00:15 28.52377454 15
0:00:20 28.81948511 20
0:00:35 29.5152275 35
0:00:40 29.70039925 40
0:00:45 29.855897 45
0:00:50 30.01248629 50
0:00:55 30.13855097 55
0:01:00 30.23356591 60
0:01:10 30.45683659 70
0:01:20 30.617674 80
0:01:30 30.77965604 90
0:01:40 30.87739936 100
0:01:50 31.00837532 110
0:02:00 31.10709912 120
0:02:45 31.50626215 165
0:03:00 31.60713231 180
0:02:15 31.2725829 135
0:02:30 31.40582625 150
0:04:30 32.08367559 270
0:05:00 32.18705424 300
0:03:30 31.77622108 210
0:04:00 31.94653478 240
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 32.39516762 360
0:08:00 80.66341 480
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
937
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 1.26
k = q / 4πs = 0.242
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Sample: Dense - Hand Compacted
Date: 3/5/18
window
M3 M4
M8 M7
Height: 6.92 in
0.18 m
Volume: 0.56 m^3
Dry Density: 1251.5 kg/m^3
Box Section %w box w dd ε kT Cone 0-3 Cone 3-6 Cone 6-8
1 23.9590685 25.83 1.19827908 24.60 1.83 41.25 45 33.75
2 24.2362525 25.12 1.30667581 24.17 1.90 35 55 41.25
3 23.3732274 23.85 1.31465379 23.37 1.87 35 27.5 28.75
4 24.8771105 24.60 1.16884893 23.03 1.99 43.75 51.25 26.25
5 25.5021018 22.83 1.38412381 22.23 2.01 77.5 48.75 38.75
6 22.6669882 23.08 1.35406176 22.84 2.03 55 53.5 36.25
7 23.5729387 26.19 1.11865971 24.85 1.95 27.5 35 20
8 20.6061662 25.74 1.20062871 25.32 1.78 46.25 46.25 30
9 22.1609829 26.83 1.19840639 25.68 1.85 50 46.25 21.25
Average 23.44 24.01 1.91 45.69 45.39 30.69
SD 1.479 1.199 0.085 14.579 8.898 7.451
M5
Right SideM1 M6
7 8 9
Left Side 4 5 6
1 2 3
M2
939
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/5/18
Probe Frequency: 100 MHz
Soil Conditions: Wet
window
M3 M4
M8 M7
Box 1 Box 2 Box 3
100 MHz 100 MHz 100 MHz
0.838 0.832 0.819
4.960 4.916 4.834
24.602 24.170 23.370
Box 4 Box 5 Box 6
100 MHz 100 MHz 100 MHz
0.813 0.799 0.810
4.799 4.715 4.779
23.033 22.227 22.835
Box 7 Box 8 Box 9
100 MHz 100 MHz 100 MHz
0.842 0.849 0.854
4.985 5.032 5.067
24.852 25.322 25.678
√ε
ε
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Measured V Measured V
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency Waveform Frequency
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Right SideM1 M6
7 8 9
3
M2 M5
Left Side 4 5 6
2
Waveform Frequency
Measured V
√ε
ε
1
940
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/20/18
Box Cell: 1
Water Content (%)
Average
0.0
100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.5
29.9
Calculation 1
1.832
1.021
12.246
Notes:
Page 1 of 3
Thermal Conductivity (btu in/ft2 F)
Final Temperature, Tf (°C)
Thermal Conductivity (W/m°C)
Sample Dry Density (kg/m3) 1492.0
Thermal Conductivity (btu ft /ft2 F)
Initial Time, ti (s)
Final Time, tf (s)
Initial Temperature, Ti (°C)
Void Ratio e 0.810
Degree of Saturation (%) 0.0%
Wt. Water (g) 0.0
Vol. Water  Vw (m3) 0.00E+00
Vol. Gas Vg (m3) 3.33E-01
1110598.9
4.11E-01
Heat Input, Q (W/m) 13.93
Mold Volume (m3) 0.744
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Percent Solids (%)
Voltage (V) 3.98
Current (A) 0.525
Water Content (%)
Length of Heater Wire (m) 0.15
Tare Number
941
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/20/18
Tested By: 1 Page 2 of 3
kΩ LN(t) s
9.59 0
9.15 1.61
8.93 2.30
8.84 2.71
8.77 3.00
8.73 3.22
8.69 3.40
8.65 3.56
8.62 3.69
8.6 3.81
8.58 3.91
8.56 4.01
8.54 4.09
8.51 4.25
8.48 4.38
8.46 4.50
8.44 4.61
8.42 4.70
8.4 4.79
8.38 4.91
8.36 5.01
8.34 5.11
8.32 5.19
8.29 5.35
8.27 5.48
8.25 5.60
8.22 5.70
8.19 5.89
6.17
6.40
6.58
Temp Check = 
720
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341
0:03:30 29.70039925 210
0:04:00 29.76246806 240
0:08:00 80.66341 480
0:04:30 29.82471047 270
0:06:00 30.01248629 360
0:05:00 29.91840112 300
0:02:45 29.54598218 165
0:01:50 29.3011358 110
0:02:00 29.36209302 120
0:03:00 29.60762002 180
0:02:15 29.42321937 135
0:02:30 29.48451553 150
0:01:30 29.17972601 90
0:01:40 29.24034702 100
0:01:10 29.028903 70
35
0:01:20 29.11927208 80
0:00:55 28.87911372 55
0:01:00 28.93890605 60
0:00:45 28.76001954 45
0:00:50 28.81948511 50
0:00:40 28.70071637 40
0:00:25 28.37742199 25
0:00:30 28.49442448 30
0:00:15 28.05891033 15
0:00:20 28.26105191 20
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 26.00644702 1
0:00:35 28.61206463
0:00:05 27.18609255 5
0:00:10 27.80179184 10
942
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Sample: Dense - Hand Compacted
Date: 4/20/18
Tested By: 1
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.61
k = q / 4πs = 1.832
26
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Sample: Dense - Hand Compacted
Date: 4/20/18
Box Cell: 2
Water Content (%)
Average
0.0
100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.0
29.3
Calculation 1
1.899
1.058
12.695
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 0.0%
Vol. Water  Vw (m3) 0.00E+00
Vol. Gas Vg (m3) 3.33E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 0.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.79
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 3.94
Percent Solids (%)
Tare Number
Water Content (%)
944
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Sample: Dense - Hand Compacted
Date: 4/20/18
Tested By: 2 Page 2 of 3
kΩ LN(t) s
9.78 0
9.31 1.61
9.12 2.30
9.02 2.71
8.96 3.00
8.91 3.22
8.87 3.40
8.84 3.56
8.81 3.69
8.78 3.81
8.76 3.91
8.75 4.01
8.73 4.09
8.7 4.25
8.67 4.38
8.65 4.50
8.63 4.61
8.61 4.70
8.59 4.79
8.57 4.91
8.55 5.01
8.53 5.11
8.52 5.19
8.49 5.35
8.46 5.48
8.44 5.60
8.42 5.70
8.39 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 29.39263501 360
0:08:00 80.66341 480
0:04:30 29.24034702 270
0:05:00 29.3011358 300
0:03:30 29.08910756 210
0:04:00 29.17972601 240
0:02:45 28.96886382 165
0:03:00 28.99886278 180
0:02:15 28.84927899 135
0:02:30 28.90898938 150
0:01:50 28.7303477 110
0:02:00 28.78973198 120
0:01:30 28.61206463 90
0:01:40 28.67112547 100
0:01:10 28.46511429 70
0:01:20 28.55316452 80
0:00:55 28.31915822 55
0:01:00 28.37742199 60
0:00:45 28.23205759 45
0:00:50 28.29008542 50
0:00:35 28.05891033 35
0:00:40 28.14530902 40
0:00:25 27.85866184 25
0:00:30 27.97285935 30
0:00:15 27.54774448 15
0:00:20 27.71677101 20
0:00:05 26.74936202 5
0:00:10 27.26900159 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 25.51712145 1
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University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/20/18
Tested By: 2
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.58
k = q / 4πs = 1.899
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 3
Water Content (%)
Average
0.0
100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.5
28.8
Calculation 1
1.874
1.044
12.526
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 0.0%
Vol. Water  Vw (m3) 0.00E+00
Vol. Gas Vg (m3) 3.33E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 0.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.65
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 3.90
Percent Solids (%)
Tare Number
Water Content (%)
947
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 3 Page 2 of 3
kΩ LN(t) s
10 0
9.46 1.61
9.31 2.30
9.22 2.71
9.15 3.00
9.09 3.22
9.05 3.40
9.02 3.56
8.99 3.69
8.96 3.81
8.94 3.91
8.92 4.01
8.9 4.09
8.87 4.25
8.84 4.38
8.81 4.50
8.79 4.61
8.78 4.70
8.76 4.79
8.74 4.91
8.72 5.01
8.7 5.11
8.68 5.19
8.65 5.35
8.63 5.48
8.61 5.60
8.59 5.70
8.55 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 28.90898938 360
0:08:00 80.66341 480
0:04:30 28.7303477 270
0:05:00 28.78973198 300
0:03:30 28.61206463 210
0:04:00 28.67112547 240
0:02:45 28.46511429 165
0:03:00 28.52377454 180
0:02:15 28.34827038 135
0:02:30 28.40661312 150
0:01:50 28.23205759 110
0:02:00 28.29008542 120
0:01:30 28.14530902 90
0:01:40 28.20310239 100
0:01:10 27.97285935 70
0:01:20 28.05891033 80
0:00:55 27.83020784 55
0:01:00 27.88715391 60
0:00:45 27.71677101 45
0:00:50 27.77341376 50
0:00:35 27.54774448 35
0:00:40 27.63208926 40
0:00:25 27.35223846 25
0:00:30 27.46373453 30
0:00:15 26.99390132 15
0:00:20 27.18609255 20
0:00:05 26.34806546 5
0:00:10 26.74936202 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 24.96474 1
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University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 3
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.58
k = q / 4πs = 1.874
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 4
Water Content (%)
Average
0.0
100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.5
29.7
Calculation 1
1.987
1.106
13.278
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 0.0%
Vol. Water  Vw (m3) 0.00E+00
Vol. Gas Vg (m3) 3.33E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 0.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.65
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 3.90
Percent Solids (%)
Tare Number
Water Content (%)
950
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 4 Page 2 of 3
kΩ LN(t) s
9.58 0
9.14 1.61
8.94 2.30
8.85 2.71
8.78 3.00
8.74 3.22
8.7 3.40
8.67 3.56
8.65 3.69
8.62 3.81
8.6 3.91
8.58 4.01
8.57 4.09
8.54 4.25
8.51 4.38
8.49 4.50
8.47 4.61
8.46 4.70
8.44 4.79
8.42 4.91
8.4 5.01
8.39 5.11
8.37 5.19
8.34 5.35
8.32 5.48
8.3 5.60
8.29 5.70
8.25 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 29.82471047 360
0:08:00 80.66341 480
0:04:30 29.66942973 270
0:05:00 29.70039925 300
0:03:30 29.54598218 210
0:04:00 29.60762002 240
0:02:45 29.39263501 165
0:03:00 29.45384618 180
0:02:15 29.3011358 135
0:02:30 29.36209302 150
0:01:50 29.17972601 110
0:02:00 29.24034702 120
0:01:30 29.08910756 90
0:01:40 29.1494782 100
0:01:10 28.93890605 70
0:01:20 29.028903 80
0:00:55 28.81948511 55
0:01:00 28.84927899 60
0:00:45 28.70071637 45
0:00:50 28.76001954 50
0:00:35 28.55316452 35
0:00:40 28.61206463 40
0:00:25 28.34827038 25
0:00:30 28.46511429 30
0:00:15 28.03018814 15
0:00:20 28.23205759 20
0:00:05 27.2136926 5
0:00:10 27.77341376 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 26.03252585 1
951
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 4
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.55
k = q / 4πs = 1.987
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 5
Water Content (%)
Average
0.0
100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.0
29.3
Calculation 1
2.006
1.117
13.410
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 0.0%
Vol. Water  Vw (m3) 0.00E+00
Vol. Gas Vg (m3) 3.33E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 0.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.65
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 3.90
Percent Solids (%)
Tare Number
Water Content (%)
953
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5 Page 2 of 3
kΩ LN(t) s
9.76 0
9.3 1.61
9.1 2.30
9 2.71
8.93 3.00
8.88 3.22
8.85 3.40
8.81 3.56
8.79 3.69
8.76 3.81
8.74 3.91
8.72 4.01
8.71 4.09
8.68 4.25
8.65 4.38
8.63 4.50
8.61 4.61
8.59 4.70
8.58 4.79
8.56 4.91
8.54 5.01
8.52 5.11
8.51 5.19
8.48 5.35
8.45 5.48
8.44 5.60
8.42 5.70
8.39 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 29.39263501 360
0:08:00 80.66341 480
0:04:30 29.24034702 270
0:05:00 29.3011358 300
0:03:30 29.11927208 210
0:04:00 29.21001559 240
0:02:45 28.99886278 165
0:03:00 29.028903 180
0:02:15 28.87911372 135
0:02:30 28.93890605 150
0:01:50 28.78973198 110
0:02:00 28.81948511 120
0:01:30 28.67112547 90
0:01:40 28.7303477 100
0:01:10 28.52377454 70
0:01:20 28.61206463 80
0:00:55 28.40661312 55
0:01:00 28.43584386 60
0:00:45 28.29008542 45
0:00:50 28.34827038 50
0:00:35 28.14530902 35
0:00:40 28.20310239 40
0:00:25 27.94425258 25
0:00:30 28.03018814 30
0:00:15 27.603937 15
0:00:20 27.80179184 20
0:00:05 26.77639215 5
0:00:10 27.32445629 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 25.56808441 1
954
University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.54
k = q / 4πs = 2.006
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 6
Water Content (%)
Average
0.0
100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.1
28.3
Calculation 1
2.026
1.128
13.541
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 0.0%
Vol. Water  Vw (m3) 0.00E+00
Vol. Gas Vg (m3) 3.33E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 0.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.65
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 3.90
Percent Solids (%)
Tare Number
Water Content (%)
956
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6 Page 2 of 3
kΩ LN(t) s
10.15 0
9.63 1.61
9.45 2.30
9.34 2.71
9.27 3.00
9.22 3.22
9.18 3.40
9.14 3.56
9.12 3.69
9.09 3.81
9.07 3.91
9.05 4.01
9.03 4.09
9 4.25
8.98 4.38
8.95 4.50
8.93 4.61
8.92 4.70
8.9 4.79
8.88 4.91
8.86 5.01
8.84 5.11
8.83 5.19
8.8 5.35
8.78 5.48
8.76 5.60
8.74 5.70
8.71 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 28.43584386 360
0:08:00 80.66341 480
0:04:30 28.29008542 270
0:05:00 28.34827038 300
0:03:30 28.17418622 210
0:04:00 28.23205759 240
0:02:45 28.05891033 165
0:03:00 28.08767115 180
0:02:15 27.94425258 135
0:02:30 28.00150451 150
0:01:50 27.83020784 110
0:02:00 27.88715391 120
0:01:30 27.7450735 90
0:01:40 27.80179184 100
0:01:10 27.603937 70
0:01:20 27.66027897 80
0:00:55 27.46373453 55
0:01:00 27.51970406 60
0:00:45 27.35223846 45
0:00:50 27.40791287 50
0:00:35 27.2136926 35
0:00:40 27.26900159 40
0:00:25 26.99390132 25
0:00:30 27.10350925 30
0:00:15 26.66848122 15
0:00:20 26.85769312 20
0:00:05 25.90246013 5
0:00:10 26.37457878 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 24.59650068 1
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University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.54
k = q / 4πs = 2.026
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 7
Water Content (%)
Average
0.0
100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.2
29.5
Calculation 1
1.947
1.084
13.013
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 0.0%
Vol. Water  Vw (m3) 0.00E+00
Vol. Gas Vg (m3) 3.33E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 0.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.82
Current (A) 0.530
Length of Heater Wire (m) 0.15
Voltage (V) 3.91
Percent Solids (%)
Tare Number
Water Content (%)
959
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7 Page 2 of 3
kΩ LN(t) s
9.7 0
9.24 1.61
9.05 2.30
8.95 2.71
8.89 3.00
8.84 3.22
8.8 3.40
8.77 3.56
8.75 3.69
8.72 3.81
8.7 3.91
8.68 4.01
8.66 4.09
8.64 4.25
8.61 4.38
8.59 4.50
8.57 4.61
8.55 4.70
8.53 4.79
8.51 4.91
8.49 5.01
8.48 5.11
8.46 5.19
8.43 5.35
8.41 5.48
8.39 5.60
8.37 5.70
8.34 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 29.54598218 360
0:08:00 80.66341 480
0:04:30 29.39263501 270
0:05:00 29.45384618 300
0:03:30 29.2707204 210
0:04:00 29.33159331 240
0:02:45 29.11927208 165
0:03:00 29.17972601 180
0:02:15 29.028903 135
0:02:30 29.08910756 150
0:01:50 28.90898938 110
0:02:00 28.96886382 120
0:01:30 28.78973198 90
0:01:40 28.84927899 100
0:01:10 28.64157492 70
0:01:20 28.7303477 80
0:00:55 28.52377454 55
0:01:00 28.58259453 60
0:00:45 28.40661312 45
0:00:50 28.46511429 50
0:00:35 28.26105191 35
0:00:40 28.31915822 40
0:00:25 28.05891033 25
0:00:30 28.17418622 30
0:00:15 27.7450735 15
0:00:20 27.91568413 20
0:00:05 26.9393116 5
0:00:10 27.46373453 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 25.72173647 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.56
k = q / 4πs = 1.947
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University of Massachusetts Amherst
Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 8
Water Content (%)
Average
0.0
100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.7
29.1
Calculation 1
1.777
0.990
11.879
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 0.0%
Vol. Water  Vw (m3) 0.00E+00
Vol. Gas Vg (m3) 3.33E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 0.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.82
Current (A) 0.530
Length of Heater Wire (m) 0.15
Voltage (V) 3.91
Percent Solids (%)
Tare Number
Water Content (%)
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8 Page 2 of 3
kΩ LN(t) s
9.93 0
9.44 1.61
9.24 2.30
9.15 2.71
9.07 3.00
9.02 3.22
8.98 3.40
8.94 3.56
8.91 3.69
8.88 3.81
8.86 3.91
8.84 4.01
8.82 4.09
8.79 4.25
8.76 4.38
8.73 4.50
8.71 4.61
8.69 4.70
8.67 4.79
8.65 4.91
8.63 5.01
8.61 5.11
8.59 5.19
8.56 5.35
8.54 5.48
8.51 5.60
8.49 5.70
8.46 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 29.17972601 360
0:08:00 80.66341 480
0:04:30 29.028903 270
0:05:00 29.08910756 300
0:03:30 28.87911372 210
0:04:00 28.93890605 240
0:02:45 28.7303477 165
0:03:00 28.78973198 180
0:02:15 28.61206463 135
0:02:30 28.67112547 150
0:01:50 28.49442448 110
0:02:00 28.55316452 120
0:01:30 28.37742199 90
0:01:40 28.43584386 100
0:01:10 28.20310239 70
0:01:20 28.29008542 80
0:00:55 28.05891033 55
0:01:00 28.11647069 60
0:00:45 27.94425258 45
0:00:50 28.00150451 50
0:00:35 27.77341376 35
0:00:40 27.85866184 40
0:00:25 27.54774448 25
0:00:30 27.66027897 30
0:00:15 27.18609255 15
0:00:20 27.40791287 20
0:00:05 26.40112603 5
0:00:10 26.9393116 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 25.13888536 1
963
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.62
k = q / 4πs = 1.777
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 9
Water Content (%)
Average
0.0
100.0
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
27.1
28.5
Calculation 1
1.853
1.032
12.382
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) 1492.0
Void Ratio e 0.810
Degree of Saturation (%) 0.0%
Vol. Water  Vw (m3) 0.00E+00
Vol. Gas Vg (m3) 3.33E-01
Vol. Dry Soil Vs (m3) 4.11E-01
Wt. Water (g) 0.0
Mold Volume (m3) 0.744
Wt. Dry Soil (g) 1110598.9
Heat Input, Q (W/m) 13.87
Current (A) 0.530
Length of Heater Wire (m) 0.15
Voltage (V) 3.93
Percent Solids (%)
Tare Number
Water Content (%)
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9 Page 2 of 3
kΩ LN(t) s
10.13 0
9.66 1.61
9.45 2.30
9.34 2.71
9.27 3.00
9.21 3.22
9.17 3.40
9.14 3.56
9.11 3.69
9.08 3.81
9.05 3.91
9.03 4.01
9.01 4.09
8.98 4.25
8.95 4.38
8.93 4.50
8.9 4.61
8.88 4.70
8.87 4.79
8.84 4.91
8.82 5.01
8.8 5.11
8.78 5.19
8.76 5.35
8.73 5.48
8.7 5.60
8.68 5.70
8.65 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 28.61206463 360
0:08:00 80.66341 480
0:04:30 28.46511429 270
0:05:00 28.52377454 300
0:03:30 28.29008542 210
0:04:00 28.37742199 240
0:02:45 28.17418622 165
0:03:00 28.23205759 180
0:02:15 28.05891033 135
0:02:30 28.11647069 150
0:01:50 27.94425258 110
0:02:00 27.97285935 120
0:01:30 27.80179184 90
0:01:40 27.88715391 100
0:01:10 27.66027897 70
0:01:20 27.7450735 80
0:00:55 27.51970406 55
0:01:00 27.5758221 60
0:00:45 27.3800573 45
0:00:50 27.46373453 50
0:00:35 27.2136926 35
0:00:40 27.29671069 40
0:00:25 27.02124962 25
0:00:30 27.13100095 30
0:00:15 26.66848122 15
0:00:20 26.85769312 20
0:00:05 25.8248128 5
0:00:10 26.37457878 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 24.64521669 1
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.60
k = q / 4πs = 1.853
24
24.5
25
25.5
26
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Sample: Dense - Hand Compacted
Date: 3/5/18
window
M3 M4
M8 M7
Height: 6.92 in
0.18 m
Volume: 0.56 m^3
Dry Density: 1224.3 kg/m^3
Box Section %w ε kT Cone 0-3 Cone 3-6 Cone 6-8
1 30.68 26.00 1.69 41.25 45 33.75
2 33.46 26.42 1.78 35 55 41.25
3 30.37 25.65 1.89 35 27.5 28.75
4 30.15 25.97 1.94 43.75 51.25 26.25
5 36.66 25.33 1.87 77.5 48.75 38.75
6 40.43 25.99 2.00 55 53.5 36.25
7 32.00 25.74 1.91 27.5 35 20
8 31.38 26.96 1.59 46.25 46.25 30
9 33.56 27.49 1.95 50 46.25 21.25
Average 33.19 26.17 1.85 45.69 45.39 30.69
SD 3.406 0.680 0.133 14.579 8.898 7.451
M5
Right SideM1 M6
7 8 9
Left Side 4 5 6
1 2 3
M2
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Sample: Dense - Hand Compacted
Date: 3/5/18
Probe Frequency: 100 MHz
Soil Conditions: Wet
window
M3 M4
M8 M7
Box 1 Box 2 Box 3
100 MHz 100 MHz 100 MHz
0.859 0.865 0.854
5.099 5.140 5.064
26.003 26.417 25.646
Box 4 Box 5 Box 6
100 MHz 100 MHz 100 MHz
0.858 0.849 0.859
5.097 5.032 5.098
25.974 25.325 25.991
Box 7 Box 8 Box 9
100 MHz 100 MHz 100 MHz
0.855 0.872 0.879
5.074 5.192 5.243
25.742 26.957 27.493
√ε
ε
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Measured V Measured V
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency Waveform Frequency
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Waveform Frequency
Measured V
√ε
ε
Right SideM1 M6
7 8 9
3
M2 M5
Left Side 4 5 6
2
Waveform Frequency
Measured V
√ε
ε
1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/20/18
Box Cell: 1
Water Content (%)
Average
33.2
75.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.5
30.9
Calculation 1
1.692
0.943
11.311
Notes:
Page 1 of 3
Thermal Conductivity (btu in/ft2 F)
Final Temperature, Tf (°C)
Thermal Conductivity (W/m°C)
Sample Dry Density (kg/m3) #REF!
Thermal Conductivity (btu ft /ft2 F)
Initial Time, ti (s)
Final Time, tf (s)
Initial Temperature, Ti (°C)
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Wt. Water (g) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
#REF!
#REF!
Heat Input, Q (W/m) 12.48
Mold Volume (m3) #REF!
Wt. Dry Soil (g)
Vol. Dry Soil Vs (m3)
Percent Solids (%)
Voltage (V) 3.82
Current (A) 0.490
Water Content (%)
Length of Heater Wire (m) 0.15
Tare Number
970
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 4/20/18
Tested By: 1 Page 2 of 3
kΩ LN(t) s
9.14 0
8.74 1.61
8.59 2.30
8.5 2.71
8.44 3.00
8.4 3.22
8.36 3.40
8.33 3.56
8.3 3.69
8.28 3.81
8.26 3.91
8.24 4.01
8.23 4.09
8.2 4.25
8.17 4.38
8.16 4.50
8.14 4.61
8.13 4.70
8.1 4.79
8.07 4.91
8.05 5.01
8.03 5.11
8.01 5.19
7.98 5.35
7.96 5.48
7.94 5.60
7.91 5.70
7.88 5.89
6.17
6.40
6.58
Temp Check = 
720
OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341
0:03:30 30.68232883 210
0:04:00 30.74716752 240
0:08:00 80.66341 480
0:04:30 30.81219079 270
0:06:00 31.00837532 360
0:05:00 30.91007337 300
0:02:45 30.52103492 165
0:01:50 30.20184967 110
0:02:00 30.29713263 120
0:03:00 30.58541531 180
0:02:15 30.39281962 135
0:02:30 30.45683659 150
0:01:30 30.10696835 90
0:01:40 30.17017805 100
0:01:10 29.98108058 70
35
0:01:20 30.07543008 80
0:00:55 29.855897 55
0:01:00 29.88712718 60
0:00:45 29.731412 45
0:00:50 29.79356752 50
0:00:40 29.66942973 40
0:00:25 29.36209302 25
0:00:30 29.48451553 30
0:00:15 29.05898456 15
0:00:20 29.24034702 20
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 27.2136926 1
0:00:35 29.57677966
0:00:05 28.34827038 5
0:00:10 28.78973198 10
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Sample: Dense - Hand Compacted
Date: 4/20/18
Tested By: 1
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.59
k = q / 4πs = 1.692
27
28
29
30
31
32
33
1 10 100 1000
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Sample: Dense - Hand Compacted
Date: 4/20/18
Box Cell: 2
Water Content (%)
Average
33.2
75.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.6
30.1
Calculation 1
1.785
0.994
11.931
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Heat Input, Q (W/m) 14.00
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 4.00
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 4/20/18
Tested By: 2 Page 2 of 3
kΩ LN(t) s
9.54 0
9.08 1.61
8.88 2.30
8.79 2.71
8.72 3.00
8.68 3.22
8.64 3.40
8.6 3.56
8.57 3.69
8.55 3.81
8.53 3.91
8.5 4.01
8.49 4.09
8.46 4.25
8.43 4.38
8.41 4.50
8.38 4.61
8.37 4.70
8.35 4.79
8.32 4.91
8.3 5.01
8.29 5.11
8.27 5.19
8.24 5.35
8.21 5.48
8.19 5.60
8.17 5.70
8.13 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 30.20184967 360
0:08:00 80.66341 480
0:04:30 30.01248629 270
0:05:00 30.07543008 300
0:03:30 29.855897 210
0:04:00 29.94971889 240
0:02:45 29.70039925 165
0:03:00 29.76246806 180
0:02:15 29.60762002 135
0:02:30 29.66942973 150
0:01:50 29.45384618 110
0:02:00 29.5152275 120
0:01:30 29.33159331 90
0:01:40 29.42321937 100
0:01:10 29.17972601 70
0:01:20 29.2707204 80
0:00:55 29.05898456 55
0:01:00 29.08910756 60
0:00:45 28.90898938 45
0:00:50 28.96886382 50
0:00:35 28.76001954 35
0:00:40 28.84927899 40
0:00:25 28.52377454 25
0:00:30 28.64157492 30
0:00:15 28.20310239 15
0:00:20 28.40661312 20
0:00:05 27.3800573 5
0:00:10 27.94425258 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 26.13717174 1
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Sample: Dense - Hand Compacted
Date: 4/20/18
Tested By: 2
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.62
k = q / 4πs = 1.785
26
26.5
27
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28
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Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 3
Water Content (%)
Average
33.2
75.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
28.0
29.4
Calculation 1
1.895
1.055
12.664
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Heat Input, Q (W/m) 14.09
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 4.03
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 3 Page 2 of 3
kΩ LN(t) s
9.8 0
9.33 1.61
9.14 2.30
9.04 2.71
8.97 3.00
8.92 3.22
8.87 3.40
8.84 3.56
8.81 3.69
8.79 3.81
8.76 3.91
8.74 4.01
8.72 4.09
8.69 4.25
8.66 4.38
8.64 4.50
8.62 4.61
8.6 4.70
8.58 4.79
8.56 4.91
8.54 5.01
8.52 5.11
8.5 5.19
8.47 5.35
8.44 5.48
8.42 5.60
8.4 5.70
8.36 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 29.48451553 360
0:08:00 80.66341 480
0:04:30 29.3011358 270
0:05:00 29.36209302 300
0:03:30 29.1494782 210
0:04:00 29.24034702 240
0:02:45 28.99886278 165
0:03:00 29.05898456 180
0:02:15 28.87911372 135
0:02:30 28.93890605 150
0:01:50 28.76001954 110
0:02:00 28.81948511 120
0:01:30 28.64157492 90
0:01:40 28.70071637 100
0:01:10 28.49442448 70
0:01:20 28.58259453 80
0:00:55 28.34827038 55
0:01:00 28.40661312 60
0:00:45 28.20310239 45
0:00:50 28.29008542 50
0:00:35 28.05891033 35
0:00:40 28.14530902 40
0:00:25 27.83020784 25
0:00:30 27.97285935 30
0:00:15 27.49170077 15
0:00:20 27.68850619 20
0:00:05 26.69540663 5
0:00:10 27.2136926 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 25.46628474 1
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 3
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.59
k = q / 4πs = 1.895
25
25.5
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Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 4
Water Content (%)
Average
33.2
75.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
31.7
33.0
Calculation 1
1.935
1.078
12.934
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Heat Input, Q (W/m) 14.09
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 4.03
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 4 Page 2 of 3
kΩ LN(t) s
8.41 0
8.04 1.61
7.88 2.30
7.8 2.71
7.74 3.00
7.7 3.22
7.67 3.40
7.64 3.56
7.62 3.69
7.6 3.81
7.58 3.91
7.57 4.01
7.55 4.09
7.53 4.25
7.5 4.38
7.48 4.50
7.47 4.61
7.45 4.70
7.43 4.79
7.42 4.91
7.4 5.01
7.39 5.11
7.38 5.19
7.35 5.35
7.33 5.48
7.31 5.60
7.3 5.70
7.27 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 33.10217838 360
0:08:00 80.66341 480
0:04:30 32.9591167 270
0:05:00 32.99480351 300
0:03:30 32.816891 210
0:04:00 32.88789975 240
0:02:45 32.67549505 165
0:03:00 32.71076659 180
0:02:15 32.56998888 135
0:02:30 32.64027498 150
0:01:50 32.46494335 110
0:02:00 32.53492265 120
0:01:30 32.36035586 90
0:01:40 32.39516762 100
0:01:10 32.18705424 70
0:01:20 32.29088406 80
0:00:55 32.04931586 55
0:01:00 32.11808517 60
0:00:45 31.94653478 45
0:00:50 32.01500588 50
0:00:35 31.81018545 35
0:00:40 31.87826156 40
0:00:25 31.60713231 25
0:00:30 31.70843923 30
0:00:15 31.2725829 15
0:00:20 31.47273539 20
0:00:05 30.48891304 5
0:00:10 31.00837532 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 29.33159331 1
980
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 4
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.58
k = q / 4πs = 1.935
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Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 5
Water Content (%)
Average
33.2
75.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
30.9
32.3
Calculation 1
1.874
1.044
12.528
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Heat Input, Q (W/m) 14.09
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 4.03
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5 Page 2 of 3
kΩ LN(t) s
8.68 0
8.3 1.61
8.13 2.30
8.05 2.71
7.99 3.00
7.94 3.22
7.91 3.40
7.88 3.56
7.85 3.69
7.84 3.81
7.82 3.91
7.8 4.01
7.78 4.09
7.76 4.25
7.73 4.38
7.71 4.50
7.69 4.61
7.68 4.70
7.66 4.79
7.64 4.91
7.62 5.01
7.6 5.11
7.59 5.19
7.56 5.35
7.54 5.48
7.51 5.60
7.5 5.70
7.46 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 32.43003009 360
0:08:00 80.66341 480
0:04:30 32.25622383 270
0:05:00 32.29088406 300
0:03:30 32.08367559 210
0:04:00 32.15254469 240
0:02:45 31.94653478 165
0:03:00 31.98074555 180
0:02:15 31.81018545 135
0:02:30 31.87826156 150
0:01:50 31.67462157 110
0:02:00 31.7423057 120
0:01:30 31.57346051 90
0:01:40 31.64085263 100
0:01:10 31.40582625 70
0:01:20 31.50626215 80
0:00:55 31.2725829 55
0:01:00 31.339109 60
0:00:45 31.14010122 45
0:00:50 31.20624722 50
0:00:35 31.00837532 35
0:00:40 31.10709912 40
0:00:25 30.81219079 25
0:00:30 30.91007337 30
0:00:15 30.45683659 15
0:00:20 30.64997848 20
0:00:05 29.66942973 5
0:00:10 30.20184967 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 28.52377454 1
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 5
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.60
k = q / 4πs = 1.874
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Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 6
Water Content (%)
Average
33.2
75.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
32.8
34.1
Calculation 1
2.003
1.116
13.390
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Heat Input, Q (W/m) 14.09
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 4.03
Percent Solids (%)
Tare Number
Water Content (%)
985
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6 Page 2 of 3
kΩ LN(t) s
8 0
7.67 1.61
7.54 2.30
7.46 2.71
7.41 3.00
7.37 3.22
7.35 3.40
7.32 3.56
7.3 3.69
7.28 3.81
7.26 3.91
7.25 4.01
7.24 4.09
7.22 4.25
7.18 4.38
7.17 4.50
7.15 4.61
7.14 4.70
7.13 4.79
7.12 4.91
7.1 5.01
7.08 5.11
7.06 5.19
7.05 5.35
7.03 5.48
7.02 5.60
7 5.70
6.98 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 34.16495732 360
0:08:00 80.66341 480
0:04:30 34.01564598 270
0:05:00 34.090191 300
0:03:30 33.90424161 210
0:04:00 33.9784562 240
0:02:45 33.79333064 165
0:03:00 33.8672166 180
0:02:15 33.64621217 135
0:02:30 33.71966277 150
0:01:50 33.57297807 110
0:02:00 33.60956811 120
0:01:30 33.46353108 90
0:01:40 33.53644195 100
0:01:10 33.28219059 70
0:01:20 33.42715613 80
0:00:55 33.17402466 55
0:01:00 33.210027 60
0:00:45 33.06633425 45
0:00:50 33.13807515 50
0:00:35 32.92348215 35
0:00:40 32.99480351 40
0:00:25 32.7460897 25
0:00:30 32.816891 30
0:00:15 32.43003009 15
0:00:20 32.60510629 20
0:00:05 31.70843923 5
0:00:10 32.15254469 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 30.617674 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 6
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.56
k = q / 4πs = 2.003
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Box Cell: 7
Water Content (%)
Average
33.2
75.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
30.9
32.3
Calculation 1
1.910
1.064
12.764
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Heat Input, Q (W/m) 14.09
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 4.03
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7 Page 2 of 3
kΩ LN(t) s
8.72 0
8.31 1.61
8.14 2.30
8.05 2.71
8 3.00
7.95 3.22
7.92 3.40
7.89 3.56
7.86 3.69
7.84 3.81
7.82 3.91
7.8 4.01
7.79 4.09
7.76 4.25
7.74 4.38
7.72 4.50
7.7 4.61
7.68 4.70
7.67 4.79
7.64 4.91
7.63 5.01
7.61 5.11
7.59 5.19
7.57 5.35
7.54 5.48
7.52 5.60
7.51 5.70
7.47 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 32.39516762 360
0:08:00 80.66341 480
0:04:30 32.22161393 270
0:05:00 32.25622383 300
0:03:30 32.04931586 210
0:04:00 32.15254469 240
0:02:45 31.91237349 165
0:03:00 31.98074555 180
0:02:15 31.81018545 135
0:02:30 31.84419891 150
0:01:50 31.67462157 110
0:02:00 31.70843923 120
0:01:30 31.53983716 90
0:01:40 31.60713231 100
0:01:10 31.40582625 70
0:01:20 31.47273539 80
0:00:55 31.2725829 55
0:01:00 31.3058221 60
0:00:45 31.14010122 45
0:00:50 31.20624722 50
0:00:35 30.97556126 35
0:00:40 31.07414417 40
0:00:25 30.77965604 25
0:00:30 30.87739936 30
0:00:15 30.45683659 15
0:00:20 30.617674 20
0:00:05 29.63850335 5
0:00:10 30.17017805 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 28.40661312 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/8/18
Tested By: 7
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.59
k = q / 4πs = 1.910
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 8
Water Content (%)
Average
33.2
75.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
30.5
32.1
Calculation 1
1.592
0.887
10.642
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Heat Input, Q (W/m) 14.07
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 4.02
Percent Solids (%)
Tare Number
Water Content (%)
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8 Page 2 of 3
kΩ LN(t) s
8.93 0
8.48 1.61
8.32 2.30
8.21 2.71
8.14 3.00
8.09 3.22
8.05 3.40
8.02 3.56
7.99 3.69
7.96 3.81
7.94 3.91
7.92 4.01
7.9 4.09
7.87 4.25
7.84 4.38
7.81 4.50
7.79 4.61
7.77 4.70
7.75 4.79
7.73 4.91
7.71 5.01
7.68 5.11
7.66 5.19
7.64 5.35
7.61 5.48
7.59 5.60
7.56 5.70
7.53 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 32.18705424 360
0:08:00 80.66341 480
0:04:30 31.98074555 270
0:05:00 32.08367559 300
0:03:30 31.81018545 210
0:04:00 31.91237349 240
0:02:45 31.67462157 165
0:03:00 31.7423057 180
0:02:15 31.50626215 135
0:02:30 31.57346051 150
0:01:50 31.37244368 110
0:02:00 31.43925679 120
0:01:30 31.23939131 90
0:01:40 31.3058221 100
0:01:10 31.04123626 70
0:01:20 31.14010122 80
0:00:55 30.87739936 55
0:01:00 30.94279397 60
0:00:45 30.74716752 45
0:00:50 30.81219079 50
0:00:35 30.55320231 35
0:00:40 30.64997848 40
0:00:25 30.32898328 25
0:00:30 30.45683659 30
0:00:15 29.94971889 15
0:00:20 30.17017805 20
0:00:05 29.11927208 5
0:00:10 29.60762002 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 27.80179184 1
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 8
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.70
k = q / 4πs = 1.592
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Sample: Dense - Hand Compacted
Date: 3/6/18
Box Cell: 9
Water Content (%)
Average
33.2
75.1
Testing Conditions
Results
From Psudo-Steady State Plot Portion:
30
300
29.4
30.8
Calculation 1
1.949
1.085
13.026
Notes:
Page 1 of 3
Thermal Conductivity (btu ft /ft2 F)
Thermal Conductivity (btu in/ft2 F)
Thermal Conductivity (W/m°C)
Initial Temperature, Ti (°C)
Final Temperature, Tf (°C)
Initial Time, ti (s)
Final Time, tf (s)
Sample Dry Density (kg/m3) #REF!
Void Ratio e #REF!
Degree of Saturation (%) #REF!
Vol. Water  Vw (m3) #REF!
Vol. Gas Vg (m3) #REF!
Vol. Dry Soil Vs (m3) #REF!
Wt. Water (g) #REF!
Mold Volume (m3) #REF!
Wt. Dry Soil (g) #REF!
Heat Input, Q (W/m) 14.00
Current (A) 0.525
Length of Heater Wire (m) 0.15
Voltage (V) 4.00
Percent Solids (%)
Tare Number
Water Content (%)
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Project: Dissertation - Box Testing
Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9 Page 2 of 3
kΩ LN(t) s
9.23 0
8.79 1.61
8.63 2.30
8.52 2.71
8.47 3.00
8.42 3.22
8.38 3.40
8.35 3.56
8.33 3.69
8.3 3.81
8.28 3.91
8.26 4.01
8.25 4.09
8.22 4.25
8.19 4.38
8.17 4.50
8.15 4.61
8.14 4.70
8.12 4.79
8.1 4.91
8.08 5.01
8.06 5.11
8.05 5.19
8.02 5.35
7.99 5.48
7.97 5.60
7.95 5.70
7.92 5.89
6.17
6.40
6.58
Temp Check = OK
Per ASTM total change in temperature should be less than 10 C in 1000 s
0:10:00 80.66341 600
0:12:00 80.66341 720
0:06:00 30.87739936 360
0:08:00 80.66341 480
0:04:30 30.71472515 270
0:05:00 30.77965604 300
0:03:30 30.55320231 210
0:04:00 30.64997848 240
0:02:45 30.42480548 165
0:03:00 30.45683659 180
0:02:15 30.29713263 135
0:02:30 30.36087891 150
0:01:50 30.17017805 110
0:02:00 30.23356591 120
0:01:30 30.07543008 90
0:01:40 30.13855097 100
0:01:10 29.91840112 70
0:01:20 30.01248629 80
0:00:55 29.79356752 55
0:01:00 29.82471047 60
0:00:45 29.66942973 45
0:00:50 29.731412 50
0:00:35 29.5152275 35
0:00:40 29.57677966 40
0:00:25 29.3011358 25
0:00:30 29.42321937 30
0:00:15 28.99886278 15
0:00:20 29.1494782 20
0:00:05 28.20310239 5
0:00:10 28.67112547 10
Recorded Time Temperature °C Cumulative Time (s)
0:00:00 26.96658867 1
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Sample: Dense - Hand Compacted
Date: 3/6/18
Tested By: 9
ti (s) = 30 3.40 Page 3 of 3
tf (s) = 360 5.89
Ti (°C) = 26.0
Tf (°C) = 28.7
s = 0.57
k = q / 4πs = 1.949
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